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MORPHOLOGY  OF  CERCOSPORA—SOLHEIM 


INTRODUCTION 
History 

The  genus  Cercospora  was  established  by  Fresenius  in  1863,  the  name 
being  derived  from  the  Greek  kerkos — a  tail,  and  spora — a  spore.  Fresenius 
did  not,  however,  distinctly  characterize  the  genus  but  merely  listed  four 
species  with  descriptions,  confining  his  remarks  concerning  the  genus  to  a 
footnote  to  the  description  of  C.  apii  Fresen.,  the  type  species.  In  the  foot- 
note he  states:  "Dieser  Pilz,  welchen  ich  von  Herrn  Fuckel  mitgetheilt  er- 
hieltjWar  unter  den  beschriebenen  Gattungen  nicht  wohl  unterzubringen. 
Ich  belegte  ihn  daher  wegen  der  mitunter  lang  ausgezogenen  Schwanze  der 
SporenmitobigenGattungsnamen, 'Cercospora'  ....  Cylindrische  Sporen 
kommen  eigentlich  hier  nicht  vor  und  von  den  Fusisporien  weichen  die 
Cercosporen  in  der  Beschaffenheit  der  sporentragenden  Faden  und  der 
Sporenformen  selbst  ab."  These  are  the  only  generalizations  made  by 
Fresenius.  He  states  that  it  is  not  advisable  to  further  describe  the  genus 
until  there  is  a  better  understanding  of  this  group  of  fungi.  The  limits  of 
the  genus  are,  therefore,  not  specifically  defined  but  are  left  for  later  inter- 
pretation. 

Cooke  (1875)  described  the  genus  Virgasporium,  listing  two  species, 
V.  maculatum  Cooke  and  V.  clavatum  (Gerard)  Cooke.  Later,  accepting 
Saccardo's  statement  that  this  genus  was  identical  with  Cercospora, 
Cooke  (1875a)  transferred  the  two  species  to  that  genus. 

Since  the  establishment  of  the  genus,  numerous  species  have  been  added 
by  various  workers.  Saccardo,  in  volumes  one  and  two  of  Michelia,  men- 
tioned and  described  fifty-eight  species.  He  illustrated  many  of  these  and 
others  in  his  Fungi  Italici.  Ellis  and  Everhart  (1885-1888)  described  many 
new  North  American  species.  Descriptions  of  numerous  Alabama  species 
were  given  by  Atkinson  (1891).  The  last  two  papers  also  contain  rather 
detailed  descriptions  and  discussions  of  the  genus  and  its  limits.  In  1900, 
Carver  published  a  list  of  the  Cercosporae  of  Macon  Co.,  Alabama,  adding 
several  new  host  plants  for  already  described  species.  Of  the  other  workers, 
Lindau  (1910)  deserves  special  mention  for  enumerating  with  descrip- 
tions, discussions,  and  some  illustrations  all  the  central  European  species 
known  at  the  time  of  his  work. 

Besides  these  works,  a  large  number  of  local  lists  of  fungi  have  recorded 
and  described  Cercosporae,  so  that  the  genus  is  at  present  quite  formidable. 
Saccardo,  in  the  SyllogeFungorum,  lists  approximately  five  hundred  species. 
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Since  the  issue  of  the  last  volume  of  this  work  containing  Cercosporae, 
many  new  species  have  been  added,  so  that  the  total  number  of  species  is 
now  much  larger. 

The  early  concepts  of  the  genus  Cercospora  included  all  the  Monilia- 
ceae  and  Dematiaceae  with  well-developed  conidiophores  and  long  fili- 
form conidia.  As  such,  it  was  very  close  to  Ramularia  (of  the  type  of  R. 
tulasnei  Sacc),  being  separated  from  it  principally  on  the  basis  of  conidial 
length.  When  Saccardo  constructed  his  system  of  classification  based  pri- 
marily on  color,  it  became  necessary  to  separate  the  hyaline  from  the  col- 
ored forms.  Saccardo  (1880),  therefore,  established  the  genus  Cercos- 
porella  to  include  all  hyaline  Cercosporae.  Spegazzini  (1910)  further  split 
up  the  genus  in  establishing  the  genus  Cercosporina,  which  he  made  to 
include  all  Cercosporae  with  colored  conidiophores  and  hyaline  conidia. 

Ellis  and  Everhart  grouped  the  species  for  convenience  into  sections 
based  on  presence  or  absence  of  color  in  the  conidiophores  and  on  the 
nature  of  the  spots  produced.  They  did  not,  at  that  time,  recognize  the 
genus  Cercosporella  of  Saccardo. 

No  other  attempt  has  been  made  to  divide  the  Cercosporae  into  sec- 
tions. Von  Hohnel  (1902)  has  suggested  that  the  genus  may  readily  be 
divided  on  the  basis  of  the  manner  of  emergence  of  the  conidiophores, 
i.e.,  whether  they  protrude  through  the  stomata  or  rupture  the  epidermis 
and  cuticle.  Lindau,  however,  does  not  consider  this  a  good  divisional 
character,  stating  that  the  manner  of  emergence  is  undoubtedly  due  to  the 
nature  of  the  host  rather  than  to  any  fundamental  diflference  in  the  Cer- 
cospora species. 

It  has  generally  been  held  that  the  Cercospora  species  are  fairly  strict 
in  their  parasitism,  each  being  limited  to  one  host  species  or  to  a  few  very 
closely  related  host  species.  For  this  reason,  use  has  been  made  of  host 
reaction  coupled  with  size  of  conidiophores  and  conidia  as  primary  cha- 
racters for  species  delimitation.  In  a  recent  taxonomic  study  of  the  genus, 
Welles  (1924,  1925)  indicates  that  host  range  is  not  limited  to  any  family 
or  group  of  plants  and  that  the  characters  just  mentioned  are  greatly  modi- 
fied by  the  various  hosts.  He  concludes  that  "the  only  valuable  taxono- 
mic criteria  which  have  presented  themselves  for  use  in  separating  various 
species  of  Cercospora  are  physiological  behavior  on  artificial  media  and 
extent  of  parasitism." 

Materials  and  Methods 

The  studies  of  the  fungi  of  this  investigation  were  all  made  from  dried 
specimens  from  the  University  of  Illinois  Herbarium,  from  various  exsic- 
cati  and  a  few  secured  from  the  Royal  Botanic  Garden  at  Kew,  the  New 
York  Botanical  Garden,  and  the  Missouri  Botanical  Garden.  They  were 
prepared  for  study  by  boiling  in  a  sodium  hydroxide  solution  to  soften 
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them  and  to  remove  the  coloring  matter  of  the  host.  They  were  then  boiled 
in  water  to  remove  the  sodium  hydroxide. 

The  measurements  recorded  for  conidia,  conidiophores,  and  mycelium, 
with  the  exception  of  measurements  of  length,  were  all  made  with  the  oil 
immersion  lens.  Measurements  of  length  were  made  with  the  4  mm.  ob- 
jective. Whenever  possible  they  were  made  for  both  dry  and  boiled  mate- 
rial. Diameter  of  conidia  was  measured  at  both  the  base  and  tip.  Conidial 
measurements  are  recorded  in  the  descriptions  as  follows;  length X diameter 
of  base X diameter  of  tip.  When  any  single  character  requiring  numerical 
expression  is  described  with  three  figures,  e.g.,  20-150-225,  the  first  num- 
ber indicates  the  minimum  observed;  the  second,  the  usual  maximum;  and 
the  last,  an  occasional  maximum. 

Color,  when  not  readily  assignable  to  a  specific  category,  was  deter- 
mined by  comparison  with  the  Ridgway  (1912)  color  standards  and  the 
nomenclature  of  them  employed.  The  color  of  conidia  and  conidiophores 
was  determined  from  water  mounts  of  the  dried  material,  while  that  of 
the  mycelium  was  determined  from  material  prepared  as  indicated  above. 
These  color  determinations  were  always  made  by  transmitted  daylight. 
Artificial  light  was  never  used. 

A  preliminary  survey  of  over  one  hundred  species  was  made  in  order 
to  acquire  some  general  concepts  as  to  variability  of  form  in  Cercospora 
and  to  aid  in  selection  of  species  for  a  more  detailed  study.  Those  studied  in 
detail  are  listed  in  the  sections  with  full  descriptions.  Those  not  yet  stu- 
died in  detail  are  listed  with  citation  to  place  of  original  description  and  the 
source  of  the  specimen  examined.  In  the  latter  case,  species  determina- 
tions were  accepted  as  recorded. 

Citations  to  literature  following  the  specific  names  of  described  species 
include  publications  of  descriptions  and  of  new  host  plants.  Illustrations 
are  also  listed.  While  these  lists  undoubtedly  are  not  in  all  cases  complete, 
an  effort  has  been  made  to  make  them  complete.  It  is  hoped  that  all  the 
important  references  have  been  secured. 

Acknowledgment 
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MORPHOLOGY 
On  the  Host 
mycelium 

The  mycelium  of  the  Cercosporae  consists  of  very  fine  to  coarse,  fairly 
regular  to  very  irregualr,  septate  hyphae  which  for  the  most  part  ramify 
the  host  tissue.  Not  infrequently,  however,  the  mycelium  is  produced 
externally  as  well,  and  then  the  external  threads  take  their  origin  in  two 
ways.  Usually  they  arise  from  the  internal  mycelium  and  emerge  through 
the  stomata,  as  in  C.  condensata  Ell.  &  Kell.  and  C.  petersii  (B.  &  C.)  Atk., 
but  they  may  also  arise  directly  from  the  conidiophores,  as  in  C.  portori- 
censis  Earle.  The  latter  procedure  is  not  common. 

In  color,  the  mycelium  varies  from  hyaline  or  subhyaline,  as  in  C.  acaly- 
phae  Peck,  to  olivaceous  or  olive-brown,  as  in  C.  iuberosa  Ell.  &  Kell. 
Usually  it  varies  from  hyaline  or  subhyaline  to  some  shade  of  brown,  as 
in  C.  apii  Fresen.  The  mycelium,  when  young,  is  as  a  rule  colorless  or  only 
slightly  colored.  As  it  becomes  older,  it  may  remain  so,  or  pigments  may  be 
produced  so  that  the  old  my  celium  not  infrequently  is  a  deep  shade  of  brown. 

Frequently,  if  not  always,  the  old  mycelium  in  the  dead  host  tissue 
produces  sclerotia-like  bodies,  or  the  cells  of  the  mycelium  thicken,  become 
heavy-wailed,  and  are  transformed  into  chlamydospores  or  chlamydospore- 
like  structures.     These  serve  as  a  means  of  over-wintering  the  fungus. 

When  the  fungus  has  advanced  to  the  stage  at  which  the  asexual  re- 
production occurs,  there  are  formed  or  already  have  been  formed,  at  va- 
rious points  on  the  mycelium  within  the  host  tissue,  more  or  less  compact 
bodies,  or  stromata.  The  stroma  may  consist  of  a  large,  compact,  tubercu- 
late,  pseudoparenchymatic  structure,  as  in  C.  smilacina  Sacc.  (Fig.  10)  and 
C.  tuberosaEW.  &  Kell.  (Fig.  12).  More  commonly,  however,  it  is  made  up 
of  rather  loosely  to  fairly  compactly  interwoven  hyphae  not  of  a  pseudo- 
parenchymatic nature,  e.g.,  C.  apii  Fresen.  (Fig.  1)  and  C.  cercidicola 
Ell.  (Fig.  5).  In  some  cases  the  stroma  may  be  almost  completely  lacking 
or  made  up  of  only  a  few  more  or  less  loosely  associated  cells,  e.g.,  C. 
ferruginea  Fckl.  (Fig.  6)  and  C.  acalyphae  Peck  (Fig.  2).  Intermediate  forms 
of  all  degrees  exist  between  the  types  just  cited. 

CONIDIOPHORES 

The  conidiophores  arise  from  the  stromata  described  above  and  emerge 
from  the  host  tissue  either  through  the  stomata  or  by  rupturing  the  epider- 
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mis.  Both  types  of  emergence  may  be  found  in  a  single  species,  the  point 
at  which  the  conidiophores  emerge  apparently  being  largely  determined  by 
the  position  of  the  stroma.  When  a  species  produces  an  external  mycelium, 
the  conidiophores  may  also  be  produced  in  an  effuse  manner  on  it,  e.g., 
C.  portoricensis  Earle  (Fig.  13). 

The  number  of  conidiophores  arising  from  a  single  stroma  may  be  few 
or  many.  As  a  result,  they  are  produced  in  loose  to  dense,  more  or  less  di- 
vergent tufts.  In  C.  cercidicola  Ell.  (Fig.  5)  and  C.  petersii  (B.  &  C.)  Atk. 
(Fig.  11)  the  tufts  are  coremioid.  Rarely  are  the  conidiophores  solitary, 
and  in  no  case  have  they  been  observed  to  be  so  throughout.  In  C.  carotae 
(Pass.)  Solheim,  they  are  sometimes  solitary  but  they  are  also  produced  in 
very  loose  tufts. 

Considerable  variation  exists  in  the  size,  markings,  and  color  of  the 
conidiophores.  They  may  be  continuous  or  septate,  straight  or  flexuous, 
geniculate,  denticulate,  hyaline  or  of  various  shades  and  tints  of  brown  up 
to  blackish-brown.  The  denticulations,  geniculations,  and  flexuous  con- 
ditions are  produced  by  the  manner  of  growth  of  the  conidiophores  while 
bearing  conidia.  The  conidia  are  borne  acrogenously,  although  at  times 
they  appear  lateral  because  of  the  development  of  a  lateral  branch  just 
below  the  point  of  attachment,  which  pushes  the  terminal  point  of  the 
conidiophore  to  the  side,  while  the  conidium  is  still  attached.  The  branch 
soon  proceeds  to  develop  another  conidium,  and  a  single  conidiophore 
may  continue  to  develop  in  this  manner,  producing  several  conidia.  The 
general  shape  and  markings  of  the  conidiophore  are  dependent  on  the  de- 
gree to  which  the  branch  succeeds  in  pushing  the  apical  point  of  conidial 
attachment  to  the  side,  and  on  the  rate  of  growth  of  the  conidiophore  as 
compared  with  the  rate  of  production  of  conidia.  If  the  apex  with  its  scar 
is  completely  turned  to  one  side,  the  conidiophore  will  be  nearly  cylindrical, 
with  scars  distributed  along  its  sides.  The  scar  may  not  be  much  displaced 
and  the  branch  then  diverges  from  the  general  direction  so  as  to  produce 
a  geniculation,  the  scar  being  shouldered.  When  a  second  conidium  is 
produced,  the  next  branch  usually  arises  on  a  different  side,  most  frequently 
the  opposite  side;  consequently,  the  divergence  is  in  a  different  direction, 
giving  a  somewhat  zigzag  appearance.  At  times,  the  branch  is  set  a  little 
below  the  apical  scar,  so  that  the  scar,  when  pushed  to  the  side,  becomes 
denticulate. 

The  conidiophore,  as  a  result  of  this  type  of  branching,  is  sympodial. 
Such  a  conidiophore  is  usually  spoken  of  as  being  simple  when  pertaining  to 
this  group  of  fungi.  Besides  this  sympodial  branching,  monopodial  branch- 
ing is  also  found  in  many  species,  e.g.,  C.  ferruginea  Fckl.  (Fig.  6).  Only 
a  few  of  the  conidiophores  of  a  given  species  may  produce  this  latter  type 
of  branch,  but  in  other  species  a  very  high  percentage  may  be  thus  branched. 
Usually  there  is  no  detinite  arrangement  of  the  monopodial  branches.  Most 
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commonly  they  are  irregularly  alternate.  More  rarely  they  are  opposite, 
being  subtended  by  a  terminal  condidial  scar,  e.g.,  C,  cercidicola  Ell. 
(Fig.  5).  Again,  they  may  be  both  alternate  and  opposite  as  in  C.  illinoensis 
Earth.    (Fig.  8). 

CONIDIA 

The  conidia  of  Cercospora  are  of  several  distinct  morphological  types. 
Certain  species,  e.g.,  C.  acalyphae  Peck  (Fig.  2),  have  conidia  of  which  the 
point  of  attachment  is  as  wide  as  the  greatest  diameter  of  the  conidium. 
From  or  near  the  base,  the  conidium  gradually  tapers  to  the  tip.  For  this 
type  the  term  acicular  is  suggested.  In  other  species,  the  point  of  attach- 
ment is  narrower  than  the  greatest  diameter.  These  are  termed  acicular- 
obclavate  or  narrowly  obclavate  if  they  taper  gradually  as  in  the  above 
type,  e.g.,  C.  smilacina  Sacc.  (Fig.  10),  or  merely  obclavate  or  abruptly 
obclavate  if  there  is  an  abrupt  tapering  directly  above  the  greatest  dia- 
meter, e.g.,  C.  ferruginea  Fckl.  (Fig.  6).  In  the  last  two  types,  the  greatest 
diameter  of  the  conidium  is  very  near  its  base.  If  the  greatest  diameter  is 
at  or  near  the  center,  the  conidia  are  fusiform  as  in  C.  pastinacae  (Sacc.) 
Peck  (Fig.  14),  In  other  species  the  conidia  are  cylindrical,  e.g.,  C.  althaeina 
Sacc.  (Fig  3). 

The  conidium,  in  its  development,  first  appears  as  a  small,  oval, 
elliptical,  clavate  or  cylindrical  body.  As  it  grows,  it  elongates  and  assumes 
one  of  the  forms  described  above.  The  conidia  are  usually  borne  singly 
but  may  be  catenulate,  as  in  C.  catenospora  Atk.  They  are  usually  septate 
and  may  or  may  not  be  constricted  at  the  septa.  They  are  straight  or  curved 
and  vary  in  color  from  hyaline  or  subhyaline  to  various  shades  and  tints 
of  yellow  or  brown,  such  as  olive-brown,  Dresden  brown  and  Prout's 
brown. 

In  Culture 

In  pure  culture,  individual  Cercospora  species  react  quite  differently. 
Duggar  (1899),  working  with  C.  beticola  Sacc,  found  that  it  did  not  pro- 
duce conidia  in  culture  on  artificial  media.  The  same  has  been  observed 
for  C.  concors  (Casp.)  Sacc.  by  Jones  and  Pomeroy  (1907),  for  C.fusca 
Rand  by  Rand  (1914),  for  C.  bolleana  (Thum.)  Speg.  by  Higgins  (1920) 
and  for  C.  lythracearum  Heald  &  Wolf  by  Wolf  (1927).  Garman  in  1920 
found  that  C.  brunkii  Ell.  &  Galw.  grew  well  on  several  media  but  that  it 
did  not  readily  produce  conidia.  On  the  other  hand,  several  other  species 
have  been  shown  to  produce  conidia  abundantly  in  culture.  Among  these 
are  C.  personata  (B.  &  C.)  Ell.  cultured  by  Wolf  (1914),  C.  medicaginis 
Ell.  &  Ev.  studied  by  Hopkins  (1921),  C.  apii  Fresen.,  studied  by  Klotz 
(1923),  C.  microsora  Sacc.  studied  in  culture  by  Klebahn  (1918)  and  several 
Philippine  species  cultured  by  Welles  (1925).     All  of  the  above  workers 
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found  that  the  particular  species  grew  on  most  media  tried,  and  all,  with 
the  exception  of  Welles,  report  growth  as  being  slow,  only  a  few  milli- 
meters or  at  most  a  few  centimeters  growth  being  produced  in  several 
weeks.  Welles,  on  the  other  hand,  reports  very  rapid  growth  in  artificial 
culture  for  the  five  species  studied  by  him. 

In  the  present  investigation,  attempts  were  made  to  artificially  culture 
various  species  of  Cercospora.  Only  two  species,  however,  were  isolated 
that  produced  conidia  on  artificial  culture  media.  These  were  C.  ampelop- 
sidis  Peck  and  C.  illinoensis  Barth.  Other  fungi,  supposedly  Cercospora 
species,  were  isolated  from  various  hosts,  but  because  they  failed  to  pro- 
duce conidia  their  identity  could  not  definitely  be  determined  without 
infection  studies  which  circumstances  did  not  permit. 

The  two  species  that  were  isolated  grew  on  all  media  tried.  The  media 
employed  were  selected  with  the  view  of  varying  the  carbohydrates  to 
observe  any  effects  this  might  have  on  the  morphology  and  color.  Several 
standard  synthetic  media  were,  therefore,  used  as  well  as  some  specially 
prepared.  A  chemical  base  agar  was  made  up  according  to  the  formula 
given  by  Stevens  and  Hall  (1909).  This  was  used  alone  or  in  combination 
as  follows:  chemical  base  agar  +  glucose,  chemical  base  agar+starch, 
and  chemical  base  agar+ sodium  asparaginate.  Besides  these  media 
potato  dextrose  agar,  bean  pod  agar,  corn  meal  agar,  and  agar  were  used. 

The  morphology  of  C.  ampelopsidis  Peck  in  culture  varied  little  from 
that  in  the  host.  In  both  cases  a  rather  fine  and  a  coarse  beaded  mycelium 
was  produced.  However,  in  culture  a  much  greater  amount  of  the  coarse 
beaded  type  was  produced  than  in  the  host.  It  is  quite  possible  that  this 
difference  is  due  to  the  age  of  the  specimens  examined  as  compared  with 
the  age  of  the  cultures.  A  physiological  old  age  may  possibly  be  reached 
much  sooner  in  culture  than  in  the  host,  due  to  attendant  conditions.  The 
cells  of  the  coarse  mycelium  were  chlamydospore-like  and  perhaps  are 
the  means  by  which  this  fungus  overwinters.  The  conidiophores  do  not 
differ  essentially  in  the  two  cases.  The  most  striking  difference  was  found 
in  the  conidia.  In  artificial  culture  they  were  catenulate,  whereas  they  are 
not  so  in  nature.  Their  shape  is  somewhat  altered  in  culture,  due  to  this 
fact,  the  conidia  in  culture  being  subcylindrical,  while  in  nature  they  are 
abruptly  obclavate. 

The  growth  of  this  fungus  in  culture  was  rather  slow,  being  most  rapid 
on  potato  dextrose  agar.  No  striking  differences  were  noted  in  the  morpho- 
logy on  the  various  media.  The  finer  mycelium  was  much  the  same  through- 
out. The  coarse  mycelium  varied  somewhat,  being  decidedly  beaded  on 
some  media  and  not  so  on  others.  On  the  chemical  base  agar+glucose, 
much  thicker  cell  walls  were  produced  in  the  coarse  mycelium  than  on  any 
of  the  other  media.  The  conidiophores  were  much  the  same  throughout  but 
were  rather  poorly  developed  on  the  chemical  base  agar  -f  glucose.    On 
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this  agar,  conidial  production  was  also  rather  limited  and  the  conidia  were 
rarely  catenulate.  The  color  of  the  fungus  varies  considerably  with  age. 
When  young  the  various  structures  are  hyaline  to  subhyaline.  As  the  fun- 
gus becomes  older,  pigments  are  produced  which  are  of  various  shades  of 
brown,  olive-brown  and  olivaceous,  depending  somewhat  on  the  medium. 
While  the  color  varied  somewhat  in  intensity  on  the  different  media  these 
differences  were  not  very  pronounced.  The  coloring  material  was  in  part 
diffused  throughout  the  medium. 

The  conidiophores  arose  only  from  the  submerged  m3^celium.  They  were 
readily  distinguished  from  the  mycelium,  appearing  as  definite  morpholog- 
ical units. 

C  illinoensis  Earth,  grew  most  rapidly  on  potato  dextrose  agar  and  on 
corn  meal  agar,  from  the  standpoint  of  colony  diameter.  However,  if 
density  of  growth  is  also  considered,  then  growth  was  best  on  potato  dex- 
trose agar. 

Some  variability  in  the  mycelium  occurred  in  the  different  media,  es- 
pecially from  the  standpoint  of  the  production  of  a  coarse,  irregular,  heavy- 
walled  mycelium  which  was  produced  only  in  some  of  the  media.  Conidio- 
phores and  conidia  were  produced  abundantly  on  all  media  except  potato 
dextrose  agar  and  chemical  base  agar-}- starch.  The  conidiophores  arose 
from  the  submerged  mycelium  only.  Conidia  were  produced  most  abund- 
dantly  in  pure  agar.  They  also  appeared  to  vary  less  in  size  and  irregular 
constriction  in  the  latter  medium  than  was  the  case  in  the  other  media. 
Considerable  variability  in  color  was  noted  on  the  various  media.  The 
color  variation  was  primarily  one  of  degree,  varying  from  dilute  light  olivac- 
eous to  dark  Trout's  brown.  The  darkest  color  was  produced  on  the  corn 
meal  agar  and  chemical  base  agar-j- glucose.  The  coloring  material  was 
not  confined  to  the  fungus  hyphae  but  was  diffused  throughout  the  medium 
as  well. 

No  striking  differences  w^ere  noted  in  the  morphology  of  this  fungus  in 
pure  culture  and  in  the  morphology  on  the  host.  The  conidia  in  culture 
were  more  nearly  cylindrical  than  in  nature.  The  conidiophores  appear 
in  general  to  be  effused  in  culture.  While  they  were  loosely  tufted  in  potato 
dextrose  agar  they  were  abnormal  and  only  sparingly  produced,  so  that 
this  condition  is  perhaps  not  normal.  Other  differences  were  of  no  impor- 
tance. 

From  the  cultural  studies  here  made,  it  is  indicated  that  Cercospora 
species  that  complete  their  life-cycle  in  pure  culture  do  so  in  a  similar  manner 
as  in  nature  with  very  little  variation  in  morphologic  structure.  Welles 
(1925)  in  his  culture  studies  of  several  Cercospora  species,  states  that  the 
conidiophores  are  merely  extended  mycelial  threads  and  that  it  is  impos- 
sible to  distinguish  them  from  the  mass  of  mycelium  in  pure  culture.  In 
the  present  case,  no  difficulty  was  found  in  distinguishing  the  conidio- 
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phores  in  pure  culture  of  the  two  species  studied.  They  may,  at  times,  be 
rather  difficult  to  observe,  due  to  the  abundance  of  mycelium  which  tends 
to  obscure  them.  That  the  conidiophores  of  Cercospora  are  definite  mor- 
phological units  is  also  borne  out  by  the  fact  that  in  nature,  when  they  are 
effused  on  an  external  mycelium,  they  are  quite  distinct,  and  conidial 
production  is  limited  to  these  structures.  The  conidia,  in  these  cases,  are 
not  produced  in  a  haphazard  manner  on  the  external  mycelium. 

Klotz  (1923)  in  his  culture  study  of  C.  apii  Fresen.  states  that  the  pig- 
ment produced  by  this  fungus  was  confined  to  the  hyphal  threads.  This 
is  apparently  not  the  case  with  all  Cercosporae,  as  in  the  two  studied  here 
the  coloring  material  was  diffused  through  the  medium  as  well. 

That  color  is  of  little  value  as  a  taxonomic  character  with  respect  to 
this  group  of  fungi  where  differences  in  color  consist  primarily  in  a  dif- 
ference in  intensity  of  a  series  of  browns,  is  indicated  by  the  comparative 
ease  with  which  it  may  be  varied  by  employing  different  culture  media. 
Color  may,  however,  be  fairly  constant  under  different  conditions,  as  only 
slight  variations  were  produced  in  C.  ampelopsidis  Peck.  On  the  other  hand, 
wide  variations  in  color  were  produced  in  C.  illinoensis  Barth.  in  the  dif- 
ferent media. 
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LIFE  HISTORY 

The  Cercosporae  are,  for  the  most  part,  leaf  parasites  which  produce 
definite,  necrotic  spots.  Not  in  all  cases,  however,  is  their  growth  limited 
to  the  leaves.  Frank  (1897)  states  that  C.  heticola  Sacc.  grows  on  all  parts 
of  the  beet  plant  that  are  above  the  soil.  Other  examples  are  C.  medi- 
caginis  Ell.  &  Ev.  which  grows  on  the  leaves,  leaf  petioles  and  seeds  of 
Medicago  maculata  Willd.,  C.  acalyphae  Peck  growing  on  the  leaves  and 
stems  of  Acalypha  ostryaefolia  Riddel,  C.  cofeicola  Berk.  &  Cooke  growing 
on  fruits,  twigs  and  leaves  of  Cofea  sps.,  C.  caulicola  Wint.  growing  on 
the  stems  of  Asparagus  officinalis  L.,  and  C.  lythracearum  Heald  &  Wolf 
on  fruits  and  leaves  of  Punica  granatum  L. 

Infection  of  the  host  by  the  parasite  is  usually  brought  about,  after 
the  germination  of  the  conidia,  by  infecting  hyphae  which  gain  entrance 
through  the  stomata.  This  type  of  infection  has  been  observed  for 
C.  heticola  Sacc.  by  Pool  and  McKay  (1916)  and  for  C.  apii  Fresen.  by 
Klotz  (1923).  It  has  also  been  observed  for  several  of  the  species  studied  in 
this  investigation. 

With  respect  to  the  manner  of  conidial  germination  Atkinson  (1891) 
states  as  follows:  "The  conidia  germinate  readily  in  an  abundance  of  mois- 
ture, a  germ  tube  being  put  forth  by  any  or  all  the  cells.  In  my  observa- 
tions, and  they  have  extended  over  several  species,  usually  the  cell  first 
to  produce  a  germ  tube  is  the  basal  cell,  and  the  primary  direction  of  this 
tube  is  in  a  line  parallel  with  that  of  the  conidium  but  in  an  opposite  di- 
rection from  the  apex.  This  is  not  universal,  but  occurs  in  such  a  great 
majority  of  the  cases  as  to  be  worthy  of  note."  This  manner  of  germina- 
tion has  also  been  observed  to  be  most  prevalent  for  the  species  in  which 
germination  of  conidia  was  seen  in  this  study.  A  notable  exception  occurred 
in  C.  sordida  Sacc.  In  several  of  the  specimens  of  this  fungus  that  were 
examined,  germinating  conidia  were  present  in  great  abundance.  The 
conidia  germinate  at  any  point.  If  the  conidia,  however,  happened  to 
be  lying  over  the  stomata  or  just  at  the  side  of  a  stoma,  then  the  germ  tube 
always  arose  from  the  point  closest  to  the  stoma.  In  this  species  and  in 
C.  smilacis  Thiim.  conidia  were  observed  occasionally  to  produce  conidio- 
phores  as  a  direct  result  of  their  germination. 

The  Cercospora  parasite,  as  it  penetrates  the  host  tissue,  in  most  cases 
causes  the  death  of  the  afifected  part.  Its  action,  however,  is  more  or  less 
limited,  and  the  result  is  usually  the  production  of  a  definite  spot,  the  size 
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of  which  depends  largely  upon  the  efficiency  of  the  host  in  combating  it 
or  upon  the  ability  of  the  fungus  to  overcome  mechanical  obstructions 
such  as  veins.  Several  of  these  spots  may  be  present,  their  form  varying 
from  circular  to  angular  to  irregular.  They  are  variously  colored.  In 
some  cases  the  spots  are  indefinite,  the  fungus  being  diffused  in  patches 
over  the  leaf  surface. 

After  a  period  of  incubation,  conidiophores  and  conidia  are  produced. 
This  period  undoubtedly  varies  somewhat  for  the  different  species.  Pool 
and  McKay  (1916a)  have  shown  it  to  be  from  11  to  13  days  for  C.  beticola 
Sacc.  The  conidia  produced  at  this  time  serve  as  a  source  of  added  infection 
and  also  for  spreading  the  fungus.  They  are  disseminated  by  wind,  water, 
insects,  etc. 

Mycelium  and  sclerotia,  in  the  old  dead  portions  of  the  host,  perhaps 
serve  as  the  primary  means  of  overwintering  these  fungi.  This  has  been 
shown  to  be  the  case  in  C.  apii  Fresen.  by  Klotz  (1923)  and  in  C.  beticola 
Sacc.  by  Pool  and  McKay  (1916a).  McKay  and  Pool  (1918)  have  also 
shown  that  C.  beticola  Sacc.  overwinters  in  the  infected  crowns  of  stored 
roots,  or  that  the  conidia  may  overwinter  on  the  beet  seed  balls.  Hop- 
kins (1921)  states  that  C.  medicaginis  Ell.  &  Ev.  is  borne  as  mycelium  on  the 
seeds  within  the  burs.  C.  per  sonata  (B.  &  C.)  Ell.  according  to  Wolf  (1916) 
overwinters  on  the  leaves  and  seeds. 

In  the  spring  when  conditions  are  suitable  the  overwintered  mycel- 
ium and  sclerotia  produce  conidiophores,  the  conidia  of  which  serve  as 
the  means  of  infection  of  the  new  crop. 

This,  as  far  as  is  known,  completes  the  life  history  of  the  majority  of 
the  Cercospora  species.  Some,  however,  are  known  to  possess  a  Myco- 
sphaerella  perfect  stage.   These  are: 

C.  cerasella  SaiCC.  =  Mycosphaerella  cerasella  Aderhold  (1900). 

C.  microsora  Sd.cc.  =  Mycosphaerella  millegrana  (Cooke)  Schroet.  The 
relationship  was  proven  by  Klebahn  (1918). 

C.  bolleana  (Thiim.)  Speg.  =  Mycosphaerella  bolleana  Higgins  (1920). 

C.  lythracearum  Heald  &  VJoU  =  Mycosphaerella  lythracearum  Wolf. 
The  relationship  of  these  two  forms  is  not  absolutely  proved.  Wolf  (1927) 
states:  "The  relationship  of  conidial  and  perithecial  stage  is  evidenced  (1) 
by  their  occurrence  in  due  time  in  the  same  lesions,  (2)  by  the  similarity 
of  cultures  from  conidia  and  ascospores,  and  (3)  by  the  fact  that  a  number 
of  Cercosporas  are  known  to  possess  a  Mycosphaerella  stage." 

Several  other  connections  with  Mycosphaerella  have  been  reported 
for  various  Cercospora  species.  None  of  these,  however,  have  been  proved. 
Of  the  forms  above  mentioned  C.  bolleana  (Thiim.)  Speg.  and  C.  lythracea- 
rum Heald  &  Wolf  produce  spermagonia. 
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TAXONOMIC  AFFINITIES 

Cercospora,  according  to  the  system  of  classification  now  followed, 
belongs  to  the  group  of  Fungi  Imperfecti  known  as  the  Hyphomycetes 
or  Moniliales.  The  main  characterization  of  the  genus  has  been  based  on 
the  shape  of  the  conidia,  which  are  vermiform  or  filiform,  and  the  presence 
of  color  in  the  conidiophores.  This  places  the  genus  in  the  family  Dema- 
tiaceae,  which  is  separated  from  the  Moniliaceae  merely  on  a  color  basis. 
That  this  has  led  to  an  unnatural  grouping  is  quite  evident.  Atkinson  (1891) 
in  discussing  the  afiinities  of  Cercospora  and  Ramularia  states:  "Here 
we  encounter  one  of  the  difl&culties  of  the  artificial  system  which  exists 
to  a  great  extent  in  the  arrangement  of  some  of  the  Hyphomycetes,  where 
such  genera  as  Ramularia  and  Cercosporella,  structurally  very  closely 
related  to  Cercospora,  are  made  to  do  duty  in  an  entirely  different  family." 

If  the  color  barrier  which  now  separates  the  Moniliaceae  from  the  Dema- 
tiaceae,  and  thus  separates  these  genera,  were  to  be  removed  and  the  two 
families  constituted  as  one  family  (the  Moniliaceae),  what  would  happen? 
In  the  first  place,  genera  morphologically  closely  related,  but  by  the  pre- 
sent system  widely  separated,  would  fall  into  more  natural  groups.  In 
several  instances  it  would  undoubtedly  result  in  the  consolidation  of  now 
separate  genera.  This  step  of  eliminating  color  as  a  primary  division  cha- 
racter was  suggested  by  von  Hohnel  in  1923.  In  his  system,  covering  the 
Sphaeropsidales,  Melanconiales,  Stilbaceae,  and  Tuberculariaceae,  color 
as  a  character  has  been  used  only  secondarily. 

That  color  is  not  constant,  and  therefore  an  unreliable  character,  has 
been  shown  by  several  workers.  Stevens  (1922)  and  Ravn  (1900)  have  noted 
variations  in  color  in  Helminthosporium  species  when  grown  on  various 
media.  Young  and  Bennett  (1922)  found  that  Fusarium  radicicola  Woll. 
was  colorless  in  Richard's  solution  and  pink  in  the  same  solution  when  the 
potassium  nitrate  was  replaced  by  calcium  nitrate.  Bessey  (1904)  pro- 
duced changes  in  color  in  Fusarium  species  by  varying  the  hydrogen  ion 
concentration  of  the  medium.  Similarly,  Milburn  (1904)  varied  the  color 
of  several  Hypocrea  species.  He  also  changed  the  color  of  these  fungi  by 
varying  the  osmotic  value  of  the  medium.  Milburn  further  showed  that 
Aspergillus  niger  van  Tieg.  produced  a  yellow  pigment  which  in  the  light 
quickly  became  gray  or  black,  Stevens  and  Hall  (1909),  by  varying  the 
carbohydrates  of  the  media  employed,  secured  marked  changes  in  the  col- 
or of  various  fungi.     In  V olutella  fructi  Stev.  &  Hall  sufficient  differences 
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were  secured  to  shift  the  fungus  from  the  Tuberculariaceae-Dematiaceae 
to  the  Tuberculariaceae-Mucedinae.  Colletotrichum  carica  Stev.  &  Hall 
varied  from  pale  to  almost  black.  Several  Epicoccum  species  were  color- 
less on  certain  media  while  on  other  media  they  were  yellow,  pink  or  some- 
times black.  AUernaria  hrassicae  (Berk.)  Sacc.  varied  from  hyaline  to 
black  on  the  different  media.  Similar  changes  in  color  to  those  noted  above 
have  been  observed  in  Cercospora  species  by  Jones  and  Pomeroy  (1907), 
Rand  (1914),  Garman  (1920)  and  Klotz  (1923).  In  the  present  investiga- 
tion, as  previously  stated,  the  color  of  Cercospora  illinoensis  Barth.  varied 
from  pale  to  dark  brown  on  different  media. 

All  of  these  studies  clearly  show  that  color  can  have  little  value  as  a 
character  to  be  used  in  the  classification  of  this  group  of  fungi.  This  is 
further  attested  for  by  Arnaud's  (1923)  procedure,  when  he  proposed  the 
group  "Septiodiees"  of  the  Hyphomycetes  to  contain  the  genera  Diploi- 
dium  and  Septoidium,  as  these  genera  will  not  fit  into  the  Moniliaceae  nor 
the  Dematiaceae,  for  these  fungi  may  be  colored  or  hyaline  in  the  same 
species  and  they  include  types  which  are  not  separable  genetically.  That 
color  is  of  little  value  is  further  indicated  by  Ellis  and  Everhart  (1885) 
who  have  listed  six  species  of  Cercospora  with  hyaline  conidia  and  coni- 
diophores.  Again,  von  Hohnel  (1903)  shows  that  the  color  line  has  also 
been  ignored  with  respect  to  Ramularia,  and  he  enumerates  17  species 
from  the  Sylloge  Fungorum  which  have  colored  conidiophores. 

From  the  foregoing,  the  conclusion  is  inevitable  that  color  can  not  be 
used  as  a  primary  character  for  the  separation  of  families  or  even  of  genera 
in  this  group  of  fungi.  It  is,  therefore,  proposed  to  unite  the  Moniliaceae 
and  Dematiaceae  and  consolidate  as  much  as  possible  the  forms  of  the 
two  families.  Only  Cercospora  and  closely  related  forms  are  considered 
here. 

With  the  color  barrier  removed,  but  adhering  to  the  system  as  employed 
within  the  families,  we  find  that  the  genera  Cercospora,  Cercosporella, 
and  Ramularia  all  fall  into  one  group  covering  two  sections  of  the  system, 
the  Phragmosporae  and  the  Scolecosporae.  These  two  sections  are  not 
readily  separated.  To  illustrate:  Saccardo  in  1886  placed  the  genus  Cer- 
cospora in  the  Phragmosporae,  but  in  1899  he  transferred  it  to  the  Sco- 
lecosporae. Lindau  in  1900  placed  the  genus  in  the  Scolecosporae,  but  in 
1910  he  put  it  in  the  Phragmosporae.  Clements  (1909)  evaded  this  difficulty 
by  placing  the  genus  in  both  sections. 

Turning  to  Ramularia  and  Cercosporella,  we  find  that  these  genera 
have  been  placed  in  the  Phragmosporae  and  Scolecosporae,  respectively, 
thus  on  the  basis  of  their  conidia  falling  into  the  same  sections  as  Cerco- 
spora. Further  -comparisons  reveal  that  Cercosporella  at  least  is  not 
morphologically  distinct  from  Cercospora.  When  establishing  the  genus 
Cercosporella,  Saccardo  (1880)  states  that  it  is  a  Cercospora  with  hyaline 
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conidia  and  conidiophores.  It  is,  therefore,  proposed  to  unite  Cercosporella 
with  Cercospora. 

A  rather  unfortunate  situation  exists  with  respect  to  the  status  of 
Ramularia  and  Ovularia.  Ramularia  was  established  by  Unger  in  1833. 
He,  however,  did  not  describe  the  genus  but  simply  listed  two  species, 
R.  pusilla  Ung.  and  R.  didyma  Ung.  Corda  in  1842  removed  the  second 
species  from  Ramularia  and  made  it  the  type  of  a  new  genus,  Didymaria 
[D.  didyma  (Ung.)  Schroet.  =  Z).  ungeri  Corda].  This  leaves  R.  pusilla 
Ung.  as  the  type  of  Ramularia.  Saccardo  in  1881  ignored  this  fact  and  put 
this  species  in  the  genus  Ovularia  (0.  pusilla  (Ung.)  Sacc),  a  genus  which 
he  had  established  in  1880.  From  this  it  appears  that  the  genus  to  properly 
bear  the  name  Ramularia  is  what  today  is  known  as  Ovularia  and  further 
that  the  group  of  species  known  as  Ramularia  has  no  proper  generic  name. 
It  is,  however,  at  present  inadvisable  to  make  this  change  in  nomenclature. 
The  species  R.  pusilla  Ung.,  around  which  the  question  centers,  is  a  very 
doubtful  one,  and  it  is  impossible  to  clear  up  the  problem  without  further 
studies. 

Wollenweber's  concept  of  Ramularia  as  set  forth  in  1913  appears  at 
present  to  be  untenable.  He  identified  Ramularia  with  Septocylindrium, 
a  genus  apparently  closely  allied  to  Fusarium.  Whether  Ramularia  in  part 
is  to  be  considered  identical  with  Septocylindrium  will  depend  upon  the 
facts  revealed  ina  study  of  R.  pusilla  Ung.,  a  study  which  has  notbeen  made. 
Further,  it  is  certain  that  many  of  the  species  now  considered  under  Ra- 
mularia, as  R.  tulasnei  Sacc,  are  not  even  closely  related  to  Fusarium.  A 
thorough  study  of  this  group  of  fungi  is  necessary  to  determine  the  ultimate 
status  of  the  species  involved. 

The  type  species  of  Didymaria  is  D.  didyma  (Ung.)  Schroet.  This 
species  (Fig.  16)  is  a  Ramularia  with  two-celled  clavate  conidia.  This 
conidial  type  is  also  found  in  Cercospora  but  is  there  atypical.  It  is,  there- 
fore, proposed  to  revise  Didymaria  so  that  it  will  include  all  species  with 
conidiophores  of  the  Cercospora  type  and  producing  clavate  conidia  with 
two  or  more  cells.  Here,  then,  would  belong  Didymaria  {Cercospora) 
efusa  (B.  &  C.)  Solheim,  n.  comb.  The  status  of  the  remaining  species  of 
Didymaria,  with  oval  to  obclavate  conidia,  can  not  at  present  be  deter- 
mined but  must  await  the  solution  of  the  Ramularia-Ovularia  question. 
As  pointed  out  by  Wollenweber  and  others,  the  separation  of  these  forms 
on  the  basis  of  conidial  septation  is  not  justified. 

Didymariopsis,  established  by  Spegazzini  in  1910,  is  described  as  a 
Didymaria  with  colored  conidiophores.  The  type  of  this  genus  has  not  been 
seen.  Following  the  procedure  as  set  forth  above,  this  will  be  synonymous 
with  Didymaria  if  the  conidia  are  clavate,  or  will  fall  into  the  group  of 
excluded  Didymariae,  for  the  present  left  unattached. 
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Cercosporina,  another  genus  established  by  Spegazzini  in  1910,  is  a 
Cercospora  with  hyaline  conidia.  This  genus,  therefore,  has  occupied  a 
position  between  Cercospora  and  Cercosporella.  Since  it  was  proposed 
to  unite  Cercosporella  with  Cercospora,  it  follows  from  the  above  that  Cer- 
cosporina must  also  be  united  with  Cercospora. 

Cercosporidium  Earle  and  Isariopsis  Fresenius  are  genera  also  very 
closely  allied  with  Cercospora  and  are  perhaps  not  generically  distinct. 
Further  studies  are,  however,  necessary  to  determine  the  final  status  of 
these  genera  as  well  as  other  related  genera. 
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DIVISION  OF  CERCOSPORA  INTO  SECTIONS 

In  the  genus  Cercospora,  the  morphologic  characters  which  have  served 
to  separate  species  are  host  reaction  and  size,  shape,  and  color  of  conidia 
and  conidiophores.  The  assumption  has  been  that  these  characters  are 
fairly  constant  under  varying  environmental  conditions.  If  this  assump- 
tion were  true,  it  might  be  possible  to  subdivide  the  genus  into  sections 
based  on  the  size  of  the  condia  and  conidiophores. 

To  determine  the  value  of  size  as  a  character  for  classification  of  this 
group  of  fungi,  several  specimens  of  C.  heticola  Sacc.  were  compared.  The 
results  are  recorded  in  the  following  table: 


Specimen 

Length  of  Conidiophores  in  /u 

Length  of  Conidia  in  ^ 

No. 

Minimum 

Mode 

Maximum 

Minimum 

Mode 

Maximum 

1 
2 
3 
4 

19.4 
22.6 
22.6 
19.4 

38.9 
68.0 
38.9 
35.6 

136.1 
136.1 

71.3 
55.0 

38.9 
32.9 

90.7 
71.3 

207.4 
136.1 

In  the  description  of  C.  heticola  Sacc.  the  length  of  the  conidiophores  is 
given  as  40-60)li,  suggesting  that  there  is  not  a  great  range  in  their  length. 
This,  as  is  shown  in  the  above  table,  is  not  in  accord  with  the  present  find- 
ings. The  conidiophores  were  found  to  vary  in  length  from  19.4  to  136.1/*. 
The  Saccardian  description  gives  the  variation  in  conidial  length  as  70- 
120m.     In  the  present  case,  the  variation  was  found  to  be  32.9-207.4/i. 

The  unreliability  of  condial  and  conidiophore  length  has  also  been 
pointed  out  by  Welles  (1925)  and  Overholts  (1927).  Welles  experimentally 
induced  considerable  variation  in  length  of  these  structures  in  several 
Cercospora  species  by  varying  the  humidity.  He  also  showed  that  the 
size  of  the  condia  and  condiophores,  induced  through  artificial  inocula- 
tion, varied  greatly,  depending  on  the  host.  The  seasonal  variation  in  size 
of  these  structures  was  also  considerable.  Overholts  concludes  from  a 
study  of  Cercospora  species  on  Smilax,  that  length  of  conidiophores  is  a 
character  of  little  value. 

These  studies  clearly  indicate  that  division  of  the  genus  into  groups  on 
the  basis  of  conidial  and  conidiophore  length  would  be  difficult  and  unre- 
liable.    Neither  does  division  of  the  genus  on  the  basis  of  the  manner  of 
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conidiophore  emergence,  as  suggested  by  von  Hohnel,  appear  to  be  feasible; 
for  if  it  is  determined  by  the  nature  of  the  host,  as  suggested  by  Lindau, 
rather  than  by  any  inherent  quality  of  the  fungus,  the  manner  of  emergence 
is  hardly  suitable  or  even  valid  as  a  basis  for  a  division. 

For  convenience,  morphologic  characters  may  be  grouped  into  two 
categories,  those  which  are  constant  and  those  which  are  variable.  Only 
those  which  are  fairly  constant  are  of  much  value.  If  all  the  characters 
of  the  Cercospora  species  were  as  variable  as  the  length  of  the  conidia  and 
conidiophores,  it  would  be  difficult  to  divide  the  genus  into  groups  or  to 
recognize  species.  However,  a  comparison  of  over  100  species  has  revealed 
characters  which,  for  the  cases  examined  at  least,  appear  to  be  fairly  con- 
stant. 

The  contrasted  characters  revealed  by  the  comparisons  that  appear  to 
have  a  value  as  a  basis  for  dividing  the  genus  into  sections  are:  (1)  the 
presence  or  absence  of  an  external  mycelium;  (2)  conidiophores  simple  or 
branched;  (3)  conidiophores  arising  from  a  tuberculate  stroma,  a  loose  to 
fairly  compact  stroma,  or  non-stromatic;  (4)  conidia  acicular-obclavate, 
abruptly  obclavate,  or  cylindrical. 

Of  these  sets  of  characters,  the  first  two  are  most  significant.  The  reason 
for  this  is  that  they  involve  the  presence  or  absence  of  structural  units. 
These  characters  are,  therefore,  used  as  primary  division  characters.  The 
presence  or  absence  of  an  external  mycelium  is  used  first.  In  the  cases  in 
which  an  external  mycelium  was  observed,  it  was  constant  for  all  the  speci- 
mens examined,  and  was  present  in  sufficient  quantity  to  make  it  easy  to 
assign  the  fungus  to  a  category  based  on  its  presence.  A  little  greater 
difficulty  arises  with  respect  to  the  use  of  the  presence  or  absence  of 
branched  conidiophores  since  in  the  transitional  groups  the  branching  is 
limited  to  a  very  small  percentage  of  the  condiophores,  e.g.,  C.  beticola 
Sacc.  In  this  particular  species,  only  1.35  per  cent  of  the  conidiophores 
were  branched.  The  question,  therefore,  arises  as  to  how  much  branching 
is  necessary  in  order  that  a  species  be  grouped  in  a  section  characterized 
by  branched  conidiophores.  Should  as  fine  a  distinction  be  drawn  here  as 
has  been  in  regard  to  setae  in  Gloeosporium  and  Colletotrichum?  Such  a 
course  appears  to  be  ill-advised.  It  appears  more  useful  to  consider  those 
species  branched  in  which  the  character  is  consistently  revealed  upon  care- 
ful search,  even  though  the  percentage  be  low.  On  the  other  hand,  species 
in  which  only  a  single  case  of  branching  is  observed,  or  species  in  which  the 
percentage  of  branching  is  very  low  but  does  not  occur  regularly,  are  not 
considered  as  having  branched  conidiophores  and  are  placed  in  the  sec- 
tions having  simple  conidiophores. 

There  are  two  types  of  branching,  opposite  and  irregularly  alternate. 
The  former  type  is  found  in  C.  cercidicola  Ell.  (Fig.  5)  and  the  latter  in 
C.  ferruginea  Fckl.  (Fig.  6).    Both  types  are  combined  in  C.  illinoensis 
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Earth.  (Fig.  8).  Three  groupings  are,  therefore,  possible  on  the  basis  of 
branching. 

The  other  sets  of  characters — conidiophores  arising  from  a  tuberculate 
stroma,  or  a  loose  to  fairly  compact  stroma,  or  non-stromatic,  and  conidial 
shape — involve  degrees  of  expression  of  single  characters,  and  consequently 
there  is  considerable  intergradation  between  the  distinct  types.  They  are, 
therefore,  a  little  more  difficult  to  use.  However,  in  the  specimens  examined, 
they  appear  to  be  constant  for  single  species,  which  makes  it  possible  to 
employ  them  in  a  division  of  the  genus. 

The  nature  of  the  stroma  and  of  the  conidial  types  has  been  defined 
in  the  morphological  discussion.  Suffice  it  to  state  here  that  two  groupings 
are  possible  on  the  basis  of  the  nature  of  stromatic  expression:  (1)  stroma 
tuberculate  or  pseudoparenchymatic  and  (2)  stroma  composed  of  loosely 
to  fairly  compactly  interwoven  hyphae  or  rarely  none  produced.  While 
five  types  of  conidia  have  been  defined,  only  three  groupings  are  possible 
under  this  heading.  These  are  groups  with  species  having  cylindrical, 
abruptly  obclavate,  or  acicular-obclavate  conidia.  The  last  group  includes 
species  with  acicular  conidia  and  narrowly  obclavate  conidia.  These  two 
types  are  not  readily  separable.  Species  having  these  two  types  of  conidia 
are,  therefore,  grouped  together  as  acicular-obclavate.  In  the  first  group 
are  included  species  with  fusiform  conidia. 

Using  the  characters  above  discussed,  the  species  of  the  genus  so  far 
studied  have  been  grouped  into  sections  as  shown  in  the  following  system- 
atic arrangement  of  the  genus. 
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SYSTEMATIC  ARRANGEMENT  OF  THE  GENUS 
Cercospora  Fresenius 

Cercospora  Fresenius,  Beitr.,  3:91,  1863. — Frank,  Krank.  d.  Pfl.,  p. 
600,  1880— Saccardo,  Mich.,  2:29,  1880;  Syll.  Fung.,  4:431,  1886.— Cos- 
tantin,  Les  Mucedinees  Simples,  p.  77,  1888. — Lindau  in  Engler  and 
Prantl,  Nat.  Pflanzenfam.,  1:1:486,  1900;  and  in  Rabenhorst's  Krypto- 
gamen-Flora,  9:86,  1910. — Massee,  Diseases  of  Cultivated  Plants  and 
Trees,  p.  483  1910.— Stevens,  The  Fungi  which  Cause  Plant  Disease, 
p.  625,  1921 ;  Plant  Disease  Fungi,  p.  413,  1925. 
Syn.  Virgasporiiim  Cooke,  Grev.,  3:182,  1875. 

Cercosporella  Saccardo,  in  part,  Mich.,  2:20,  1880;  Syll.  Fung., 
4:218,    1886. — Costantin,   Les   Mucedinees   Simples,   p.  74,, 
1888. — Lindau    in    Engler  and    Prantl,    Nat.    Pflanzenfam. 
1:1:451,    1900;    and    in    Rabenhorst's    Krytogamen-Flora, 
8:421  1910.— Smith  and  Ramsbottom,  Trans.  Brit.  Myc.  Soc, 
5:166,  1915.— Stevens,  The  Fungi  which  Cause  Plant  Disease, 
592,  1921;  Plant  Disease  Fungi,  p.  395,  1925. 
Cercosporina  Spegazzini,  in  part,  Myc.  Arg.,  5:424,  1910. — Sac- 
cardo, Syll.  Fung.,  22:1432,  1913. 
Mycelium  internal  or  in  part  external.    Conidiophores  tufted,  emerg- 
ing through  the  stomata,  rupturing  the  epidermis,  or  in  part  effused  on 
the  external  mycelium  when  the  latter  is  present,  simple  or  branched, 
more  or  less  geniculate,  straight  or  flexuous,  continuous  or  septate,  non- 
stromatic  or  arising  from  a  loose  to  tuberculate  stroma,  hyaline  to  dark 
brown.   Conidia  acrogenous,  at  times  appearing  lateral  due  to  the  further 
development  of  the  conidiophores,  acicular,  narrowly  obclavate,  abruptly 
obclavate,  fusiform,  or  cylindrical,  filiform,  septate,  hyaline  to  dark  brown. 
The  type  species  is  Cercospora  apii  Fresenius. 
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Key  to  Sections  of  Cercospora 

I.  Mycelium  internal 

A.  Conidiophores  simple 

1.  Stroma  tuberculate 

a.  Conidia  acicular-obclavate Section  I 

b.  Conidia  abruptly  obclavate Section  II 

c.  Conidia  cylindrical Section  III 

2,  Stroma  not  tuberculate,  composed  of  loosely  to  fairiy  compactly  interwoven  hyphae, 

or  rarely  none  produced 

a.  Conidia  acicular-obclavate Section  IV 

b.  Conidia  abruptly  obclavate '.    Section  V 

c.  Conidia  cylindrical  or  somewhat  fusiform Section  VI 

B.  Conidiophores  branched 

1.  Branching  opposite,  stroma  not  tuberculate,  composed  of  loosely  to  fairly  compactly 

interwoven  hyphae,  or  rarely  none  produced,  conidia  abruptly  obclavate 

Section  VII 

2.  Branching  alternate 

a.  Stroma  tuberculate 

1.  Conidia  acicular-obclavate Section  VIII 

2.  Conidia  cylindrical Section  IX 

b.  Stroma  not  tuberculate,  composed  of  loosely  to  fairly  compactly  interwoven 

hyphae  or  rarely  none  produced,  conidia  cylindrical ..." Section  X 

3.  Branching  alternate  and  opposite,  stroma  composed  of  loosely  to  fairly  compactly 

interwoven  hyphae,  or  rarely  none  produced,  conidia  cylindrical .  . .  Section  XI 
II.  Mycelium  internal  and  external 

A.  Conidiophores  simple 

1.  Stroma  tuberculate 

a.  Conidia  acicular-obclavate Section  XII 

b.  Conidia  abruptly  obclavate ...    Section  XIII 

c.  Conidia  cylindrical Section  XIV 

2.  Stroma  not  tuberculate,  composed  of  loosely  to  fairly  compactly  interwoven  hyphae, 

or  rarely  none  produced 

a.  Conidia  acicular-obclavate Section  XV 

b.  Conidia  abruptly  obclavate Section  XVI 

B.  Conidiophores  branched 

1.  Branching  alternate 

a.  Stroma  tuberculate,  conidia  abruptly  obclavate Section  XVII 

b.  Stroma  not  tuberculate,  composed  of  loosely  to  fairly  compactly  interwoven 

hyphae,  or  rarely  none  produced 

1.  Conidia  acicular-obclavate Section  XVIII 

2.  Conidia  abruptly  obclavate Section  XIX 

3.  Conidia  cylindrical Section  XX 

2.  Branching  alternate  and  opposite,  stroma  composed  of  loosely  to  fairly  compactly 

interwoven  hyphae,  or  rarely  none  produced,  conidia  cylindrical .  .  Section  XXI 
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Section  I 

Mycelium  internal,  conidiophores  simple,  stroma  tuberculate,  conidia 
acicular-obclavate. 

Cercospora  lysimachiae  Ellis  and  Halsted,  Jour.  Myc,  6:34,  1890.— 
Saccardo,  Syll.  Fung.,  10:631,  1892. 

Type  locality:  New  Brunswick,  N.  J.,  B.  D.  Halsted,  Sept.  1889, 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  2475.  Collected  pre- 
viously by  B.  D.  Halsted,  Jonesburg,  N.  J.,  July  1889. 

Spots  none.  Mycelium  internal,  subhyaline  to  light  greenish-yellow, 
very  fine,  1.5-2. 5m,  stromatic  mycelium  yellowish-brown  to  dark  brown, 
3-7. 5/i.  Conidiophores  amphigenous  but  mostly  hypophyllous,  densely 
tufted,  the  tufts  being  effused  over  the  leaf  surface,  emerging  through  the 
stomata,  simple,  or  very  rarely  with  short  irregular  branches,  subflexuous 
to  flexuous,  spreading,  arising  from  a  tuberculate  stroma,  Sudan  brown, 
25-90X4-6^,  continuous  or  1-4  septate,  somewhat  irregularly  constricted 
at  septa,  conidial  scars  rather  indistinct.  Conidia  narrowly  obclavate  to 
acicular,  dilute  yellowish  to  yellowish-brown,  35-175  X2.5-4X1.5-2.5m, 
continuous  or  obscurely  1-15  septate. 
On  leaves  of  *Lysimachia  stricta  Ait. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  2475  (type)  (New  Brunswick,  N.  J.). 

Cercospora  smilacina  Saccardo,  Mich.,  2:364,  1880;  Fungi  Ital.,  PI. 
681,  1881;  Syll.  Fung.,  4:476,  1886.— Lindau,  in  Rabenhorst's  Krypto- 
gamen-Flora,  9:799,  1910. 

Type  locality:  Collioure,  France,  O.  Debeaux. 

Spots  amphigenous,  circular  to  somewhat  angular,  more  or  less  vein- 
limited,  at  times  confluent,  1-4  mm.,  dark  brown,  with  a  slight  reddish 
tint  above;  border  definite,  raised,  blackish-brown  on  inner  margin,  light 
brown  to  brown  on  outer  margin,  or  frequently  of  the  same  color  as  the 
spots  below,  150-300^,  the  whole  surrounded  by  a  narrow  yellowish  dis- 
colored area.  Mycelium  internal,  irregular,  olivaceous  to  olive-brown, 
3-lOfji,  forming  here  and  there  compact  stromatic  mats.  Conidiophores 
amphigenous,  densely  to  very  densely  tufted,  rupturing  the  epidermis, 

*  Starred  names  indicate  hosts  on  which  the  fungus  has  been  seen  by  the  writer. 
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with  a  bulbose  base,  simple,  straight  to  subflexuous,  arising  from  a  large, 
compact,  tuberculate  stroma,  Dresden  brown,  1 5-55  X 4-4. 5//,  continuous 
or  1-2  septate,  conidial  scars  distinct,  more  or  less  shouldered,  scattered. 
Conidia  at  first  cylindrical,  then  narrowly  obclavate,  light  olive-brown, 
25-100-160X3-4X2-3m,  1-13  septate.  [Fig.  10] 

On  leaves  of  *Smilax  aspera  L. 

The  above  description  agrees  very  well  with  that  of  Saccardo  with  the 
exception  of  the  size  of  the  conidia.  In  the  Krypt.  Exs.  specimen  No.  728b 
the  conidia  agreed  very  well  with  the  measurements  given  by  Saccardo. 
Only  a  few  of  the  longer  ones  listed  above  were  found.  In  the  same  exsic- 
cati,  specimen  No.  728a,  the  longer  conidia  were  more  abundant  than  the 
shorter  ones. 

This  species  is  closely  allied  to  C.  sniilacis  Thiim.  but  differs  from  it  in 
the  shorter,  narrower,  and  unbranched  conidiophores  and  in  the  more 
definitely  attenuated  conidia.  From  C.  petersii  (B  &  C.)  Atk.  it  differs  in 
its  much  shorter  and  narrower  conidiophores  and  much  narrower  conidia. 
The  conidia  of  the  latter  taper  abruptly,  those  of  C.  smilacina  Sacc. 
taper  gradually. 

Saccardo  lists  C.  sniilacis  Peck  as  a  synonym  of  his  species.  Peck,  how- 
ever, has  no  such  species.  The  fungus  described  by  Peck  was  listed  under 
C.  smilacis  Thiim.  and  is  now  referred  to  C.  petersii  (B.  &  C.)  Atk.  (I.e.). 

Migula's  specimen  listed  below  appears  to  belong  here.  The  material 
was  such,  however,  that  this  could  not  be  determined  with  absolute  cer- 
tainty. 

Specimens  examined:  Krypt.  Exs.,  Nos.  728a  (Abbazia,  Litoriale  aus- 
triacun),  and  728b  (Lussinpiccola,  Lussin  Island.) — Migula,  Crypt.  Ger., 
Aust.  et  Helv.  Exs.,  Fasc.  ?>?).  Pilze.  No.  179  (Abbazia,  Istria). 

Cercospora  gauUheriae  Ellis  and  Everhart,  Jour.  Myc,  2:2,  1886. 
On  GauUheria  procumbens  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  1514  (Newfield,  N.  J.). 

Cercospora  occidentalis  Cooke,  Hedw.,  17:39,  1878.  On  Cassia  occi- 
dentalis  L.,  Ellis,  N.  Amer.  Fungi,  No.  642  (Aikin,  S.  Car.) 

Cercospora  iicinensis  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  336, 
1900.  On Sambucus  nigralu.,  (type)  (Pavia,  Italy). 

Cercospora  vernoniae  Ellis  and  Kellerman,  Am.  Nat.,  17:1116,  1883. 
On  Vernonia  baldwinii  Torr.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  3090  (Rockfort,  Kan.). 

Cercospora  zinniae  Ellis  and  Martin,  Jour.  Myc,  1 :  20,  1885.  On  Zinnia 
pauciflora  L.,  Ellis  and  Everhart,  N.  Amer,  Fungi,  Sec.  Ser.,  No.  1507  (type) 
(Green  Cove  Springs,  Fla.). 
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Cercospora  zonata  Winter,  Bol.  Soc.  Brot.,  2:49,  1883.  On  Vicia  faba 
L.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser.  II,  No.  3294  (Coimbra, 
Italy). 


Section  II 

Mycelium  internal,  conidiophores  simple,  stroma  tuberculate,  conidia 
abruptly  obclavate. 

Cercospora  desmanthi  Ellis  and  Kellerman,  Jour.  Myc,  3:14,  1887 — 
Saccardo,  Syll.  Fung.,  10:641,  1892. 

Syn.  Cercospora  condensata  Ellis  and  Kellerman,  var.  desmanthi  Ellis 

and  Kellerman,  Jour.  Myc,  1:2,  1885. — Saccardo,  Syll.  Fung. 

4:436,  1886. 
Type  locality:  Great  Bend,  Kansas,  W.  A.  Kellerman,  1884. 

Spots  amphigenous,  brown  to  blackish-brown,  appearing  as  minute 
dark  punctiform  dots  due  to  the  abundance  of  condiophores  which  prac- 
tically cover  the  spots.  The  whole  leaflet  eventually  is  killed  and  turns 
brown.  Mycelium  internal,  light  olivaceous  to  olive-brown,  2-5/.t,  stromatic 
mycelium  of  the  same  color  but  somewhat  coarser,  up  to  8/i.  Conidiophores 
amphigenous  but  mostly  hypophyllous,  very  densely  tufted,  the  tufts 
closely  aggregated  and  only  a  few  to  each  spot,  rupturing  the  epidermis, 
simple,  subflexuous  to  flexuous,  arising  from  a  short  flattened,  somewhat 
loose  to  compact,  tuberculate  stroma,  dilute  Dresden  brown  to  dilute 
olive-brown,  35-80X3. 5-5. 6m,  1-4  septate  towards  bases  or  in  region  be- 
low the  surface  of  the  host,  conidial  scars  distinct,  more  or  less  shouldered. 
Conidia  abruptly  obclavate,  light  yellowish-olive  to  buffy  olive,  15-40X5.6- 
6.4X2.5-4/1,  continuous  or  1-3  septate. 

On  leaves  of  *Desmantkus  illinoensis  (Michx.)  MacM. 
Specimens  examined:    Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1992  (Manhattan,  Kan.). 

Cercospora  fraxini  (DeCandolle)  Saccardo,  Syll.  Fung.,  4:471,  1886. 
On  Fraxinus  excelsior  L.,  Roumeguere,  Fungi  Sel.  Gallici  Exs.,  No.  5692. 
(Noidan,  Cote-d'Or,  France). 

Cercospora  personata  (Berkely  and  Curtis)  Ellis,  Jour.  Myc,  1:63, 
1885.  On  Arachis  hypogaea  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec, 
No.  2480  (Starkville,  Miss.). 

Cercospora  viticola  (Cesati)  Saccardo,  Syll.  Fung.,  4:458,  1886.  On 
Vitis  sp.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  114  (Tenn.) 
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Section  III 

Mycelium  internal,  conidiophores  simple,  stroma  tuberculate,  conidia 
cylindrical. 

Cercospora  bupleuri  Passerini,  in  Thiimen,  Myc.  Univ.,  No.  1375. 
1879.— Saccardo,  Syll.  Fung.,  4:442,  1886.— v.  Hohnel,  Ann.  Myc, 
1:530,  1903.— Lindau,  in  Rabenhorst's  Kryptogamen-Flora,  9:126,  1910, 

Type  locality:  Parma,  Vighefi5o,  Italy,  Passerini,  Sept.  1878,  Thiimen, 
Myc.  Univ.,  No.  1375. 

Spots  amphigenous  and  caulicolous,  circular  to  elliptical,  1-5X0.5-2 
mm.,  reddish-brown  on  stems,  becoming  yellowish  to  white  centered,  on 
leaves  reddish-brown  to  dirty-brown,  becoming  light  centered;  border 
definite,  dark  brown.  Mycelium  internal,  subhyaline,  2.5-4.5)U,  stroma  tic 
mycelium  yellowish-brown  to  olive-brown,  2.5-6.5)u.  Conidiophores  am- 
phigenous and  caulicolous,  moderately  to  densely  tufted,  rupturing  the 
epidermis,  simple,  flexuous,  arising  from  a  somewhat  loose  to  compact 
tuberculate  stroma,  dilute  brownish-olive,  15-45X2.5-4.5/x,  at  times  much 
inflated  at  bases,  up  to  7.5ju,  continuous  or  1-2  septate  at  bases;  conidial 
scars  minute  but  distinct,  shouldered,  scattered.  Conidia  oblong-cylindrical 
to  bacilliform,  tapering  very  slightly,  straight  or  somewhat  curved,  sub- 
hyaline  to  light  yellowish,  20-65  X  2-3.5  X2-3/i,  continuous  or  1-3-5 
septate. 

On  leaves  and  stems  of  *Bupleurum  tenuissimum  L. 

Specimens  examined:  Thiimen,  Myc.  Univ.,  No.  1375  (type)  (Vigheffio, 
Parma,  Italy). 

Cercospora  tuherosa  Ellis  and  Kellerman,  Bull,  Tor.  Bot.  Club,  11:116, 
1884.— Ellis  and  Everhart,  Jour.  Myc,  1:38,  1885.— Saccardo,  Syll. 
Fung.,  4:439, 1886. 

Syn.  Cercospora  glaucescens  Winter,  Rabenhorst-Winter,  Fungi  Eu- 
ropaei,  Ser.  II,  No.  3080,  1884;  Hedw.,  23: 171,  1884. 

Spots  amphigenous,  irregular,  often  confluent,  vein-limited,  0.5-3  mm., 
at  first  dark  brown  above  and  glaucescent  below,  becoming  light  rusty- 
brown  to  whitish;  border  indefinite.  Mycelium  internal,  subhyaline  to 
olivaceous  to  olive-brown,  1.5-6^(,  stromatic  mycelium  olive-brown,  3-9/*. 
Conidiophores  hypophyllous,  rarely  epiphyllous,  moderately  to  densely 
tufted,  emerging  through  the  stomata,  simple,  straight  to  subflexuous, 
arising  from  a  large  tuberculate  stroma,  olive-brown,  35-80 X3-5a£,  1-5 
septate,  conidial  scars  indistinct.  Conidia  oblong-cylindrical,  slightly  at- 
tenuated towards  apexes,  yellowish  to  pale  olivaceous,  35-140-190X3.5-5 
X  3-4^1,  3-15-20  septate,  slightly  or  not  at  all  constricted  at  septa.  [Fig.  12.] 

On  leaves  of  *Apios  tuber osa  Moench. 

Specimens  examined:  As  C.  tuber  osa  Ell.  and  Kell.,  Bartholomew, 
Fungi  Columb.,  No.  2614  (Wood  River,  Neb.).    As  C  glaucescens  Wint. 


31]  MORPHOLOGY  OF  CERCOSPORA—SOLHEIM  31 

Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II,  No.  3080  (Perryville,  Mo.)- 
Cercospora  destructiva  Ravenel,  Jour.  Myc,  3:13,  1887.  On  Euonymus 

japonicus  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1760 

(Aiken,  S.  Car.). 

Cerospora  hypophylla  Cavara,  Rev.  Myc,  21:103,  1899.  PI.  CXCVII, 

figs.  9,  10.    On  Rosa  canina  L.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No. 

335  (Vallombrosa,  Italy). 

Cercospora  platanicola  Ellis  and  Everhart,  Jour.  Myc,  3:17,  1887. 
On  Platanus  occidentalis  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  1766  (Point  a  la  Hache,  La.). 

Cercospora  protearum  Cooke,  Grev.,  12:39,  1883.  On  Leucospermum 
conocarpum  R.  Br.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser.  II,  No. 
3589  (Bonae  Spei,  Hottentot,  Holland). 

Section  IV 

Mycelium  internal^  conidiophores  simple,  stroma  composed  of  loosely 
to  fairly  compactly  interwoven  hyphae,  or  rarely  none  produced,  conidia 
acicular-obclavate . 

Cercospora  acalyphae  Peck,  34  Rep.  N.  Y. State  Mus.,  p.  48,  1881.— 
Ellis  and  Everhart,  Jour.  Myc,  1:20,  1885.— Saccardo,  Syll.  Fung.,  4:457, 
1886.— Atkinson,  Jour.  Eli.  Mitch.  Sci.  Soc,  8:46,  1891.— Carver,  Proc 
la.  Acad.  Sci.,  8:162,  1900.— Davis,  Trans.  Wis.  Acad.,  14:95,  1903.— 
Schwarze,  N.  J.  Ag.  Exp.  Sta.  Bull.,  313: 128,  1917.  figs.  771-772. 

Type  locality:  Albany,  New  York. 

Spots  amphigenous,  circular  to  somewhat  irregular,  rarely  confluent, 
small,  about  0.3-3  mm.,  at  first  brown,  then  brownish-white  to  grayish- 
white  above,  brown,  light-brown,  to  grayish-brown  below;  border  definite, 
slightly  raised,  dark-brown  to  purplish-brown,  110-250^,  the  whole  at  times 
surrounded  by  a  narrow,  yellow  translucent  area.  Mycelium  internal,  regu- 
lar to  sub-irregular,  much  branched,  hyaline  to  subhyaline,  1.5-3m.  Conidio- 
phores amphigenous,  mostly  epiphyllous,  frequently  absent  from  the  lower 
surface  of  the  spots,  loosely  tufted,  rupturing  the  epidermis  or  emerging 
through  the  stomata,  simple,  straight  to  subflexuous,  non-stromatic  to  stro- 
matic,  Brussels  brown  to  olive-brown,  the  color  much  diluted  towards  the 
apices,  20-200 X3.5-5/i,  continuous  to  1-3  septate,  conidial  scars  distinct, 
aggregated  towards  the  tips  or  scattered.  Conidia  acicular,  hyaline,  subhy- 
aline to  yellowish-green, 35-200 X 2-3 X1.5-2M, 2-1 5  closely  septate.  [Fig.  2.] 

On  leaves  of  *Acalypha  virginica  L.,  A.  gracilens  Gray,  and  leaves  and 
stems  of  A.  ostryaejolia  Riddel. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1523  (Manhattan,  Kan.);  Fungi  Columb.,  No.  694  (Nuttallburg,  W. 
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Va.).— Seymour  and  Earle,  Ec.  Fungi,  No.  382  (Millstone,  N.  J.).— Herb. 
Univ.  of  111.  ex  Herb,  of  F.  L.  Stevens,  specimen  collected  at  New  Bruns- 
wick, N.  J.,  Aug.  6,  1892. 

Cercospora  acnidae  Ellis  and  Everhart,  Proc.  Acad.  Nat.  Sci.  Phil., 
1891,  p.  89.— Saccardo,  Syll.  Fung.,  10:637,  1892. 

Type  locality:  Wilmington,  Del.,  A.  Commons,  No.  1011,  Sept.  1889. 
Prototype,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No  2582, 
Wilmington,  Del.,  A.  Commons,  Sept.  1890. 

Spots  amphigenous,  circular  to  somewhat  angular,  more  or  less  vein- 
limited,  1-3  mm.,  brownish  to  dirty  white;  border  definite,  raised,  dark 
brown,  150-500/1.  Mycelium  internal,  hyaline  to  dilute  yellowish-brown, 
2-7. 5/x.  Conidiophores  amphigenous,  loosely  to  fairly  densely  tufted, 
rupturing  the  epidermis,  simple,  straight  to  subflexuous,  arising  from  a 
loose  to  fairly  compact  stroma,  olivaceous  to  Dresden  brown,  25-75X3.5- 
S.Sn,  continuous  or  1  septate,  conidial  scars  fairly  distinct.  Conidia  narrow- 
ly obclavate,  hyaline  to  light  greenish-yellow,  20-75X3-4X1.5-2.5/*, 
1-10  septate. 

On  leaves  of  *Acnida  cannahina  L. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  2582  (prototype)  (Wilmington,  Del.). 

Cercospora  ageratoides  Ellis  and  Everhart,  Jour.  Myc.  5:  71,  1889. — 
Saccardo,  Syll.  Fung.,  10:  627,  1892.— Tracy  and  Earle,  Miss.  Agric. 
Exp.  Sta.  Bull.,  34:  116,  1895.— Schwarze,  N.  J.  Agric.  Exp.  Sta.  Bull., 
313:128,  1927.     fig.  773.— Davis,  Trans.  Wis.  Acad.,  19:2:675,  1919. 

Type  locality:  Newfield,  N.  J.,  July  to  September  1885. 

Spots  indefinite,  the  tufts  of  conidiophores  forming  more  or  less  vein- 
limited,  olivaceous  to  Brussels  brown,  velvety  patches  on  both  surfaces 
of  the  leaves  but  especially  on  the  lower  surface.  Mycelium  internal, 
hyaline,  1-2.5/x;  stromatic  mycelium  2-6/1.  Conidiophores  amphigenous, 
loosely  to  moderately  tufted,  emerging  through  the  stomata,  subflexuous, 
subundulate,  simple,  or  rarely  irregularly  branched,  arising  from  a  small, 
fairly  compact  stroma,  Brussels  brown  to  Argus  brown,  20-90X4.5-5/*, 
1-5  irregularly  septate,  at  times  somewhat  constricted  at  septa,  conidial 
scars  fairly  distinct,  more  or  less  warty,  rarely  shouldered.  Conidia  cy- 
lindrical to  narrowly  obclavate,  yellowish-olive,  30-160X3-4.5X1.5-2.5/1, 
1-13  septate. 

On  leaves  of  Eupatorium  urticaejolium  L.,  *E.  album  L.,  and  E.  rotundi- 
foliuni  L. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser. 
No.  2473  (Newfield,  N.  J.). 

Cercospora  alismatis  Ellis  and  Holway,  Jour.  Myc,  1:  63,  1885. — 
Saccardo,  Syll.  Fung.,  4:  478,  1886. 
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Type  locality:  Decorah,  Iowa,  E.  W.  D.  Holway,  July. 

Spots  amphigenous,  subcircular  to  irregular,  somewhat  confluent,  more 
or  less  vein-limited,  margin  undulate,  4-10  mm.,  dirty  brown  above,  olive- 
brown  below,  becoming  grayish  centered;  border  indefinite.  Mycelium 
internal,  almost  regular  or  irregular,  subhyaline  to  very  dilute  Dresden 
brown,  2-7. Sfx,  stromatic  mycelium  Dresden  brown,  somewhat  penicillioid- 
ly  branched.  Conidiophores  amphigenous,  loosely  to  moderately  tufted, 
emerging  through  the  stomata,  simple  or  very  rarely  irregularly  branched, 
straight  or  flexuous,  arising  from  a  loose  to  compact  stroma,  Dresden  brown, 
40-250 X 4. 5-6/x,  1-7  septate,  conidial  scars  distinct,  scattered,  shouldered 
or  laterally  displaced.  Conidia  narrowly  obclavate,  subhyaline  to  light 
greenish-yellow,  50-180-265X3-5X1.5-3//,  4-10-21  septate. 

On  leaves  of  *Alisma  plantago-aqtiatica  L. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  3191;  Fungi  Columb.,  No.  597.— Herb.  Univ.  of  111.  ex  Crypt.  Herb, 
of  F.  L.  Stevens,  No.  80  (All  from  Cicero,  N.  Y.). 

Cercospora  alternantherae  Ellis  and  Langlois,  Jour.  Myc,  6:  36,  1890. — 
Stevens,  Trans.  111.  Acad.  Sci.,  10:  211,  1917. 

Type  locality:  St.  Martinsville,  Louisiana,  Langlois,  No.  1430. 

Spots  amphigenous,  circular,  rarely  confluent,  more  or  less  convex 
above  and  concave  below,  dull-brown  to  olive-brown,  becoming  grayish 
to  whitish  centered,  0.5-2  mm.  in  diameter;  border  definite,  raised,  brown 
to  dark-brown,  75-225^,  the  whole  surrounded  by  a  narrow  brownish  to 
yellow  translucent  area.  Mycelium  internal,  irregular,  adjacent  cells 
frequently  of  different  size,  subhyaline  to  light  brownish-yellow,  l-3ju. 
Conidiophores  amphigenous,  solitary  to  loosely  tufted,  the  tufts  scattered 
over  the  spots,  emerging  through  the  stomata  or  rupturing  the  epidermis, 
simple,  straight  to  flexuous,  borne  on  a  short,  loose  to  compact  stroma,  or, 
especially  when  solitary,  non-stromatic,  amber-brown  to  Brussels  brown, 
40-285 X3-4m,  continuous  to  distantly  1-6  septate,  conidial  scars  distinct 
and  scattered.  Conidia  acicular,  at  times  narrowly  obclavate  to  slightly 
fusiform,  hyaline  to  subhyaline,  55-230X2-2.5Xl-l.5yu,  continuous  to 
obscurely  several  septate. 

On  leaves  of  Alternanthera  achyrantha  R.  Br.  and  *A.  portoricensis 
Kuntze.  The  fungus  on  A.  portoricensis  differs  somewhat  from  the  ori- 
ginal description  of  C.  alternantherae  Ell.  &  Langl.  on  .4.  achyrantha  in 
conidiophore  and  conidial  measurements  and  septation.  The  original 
description  with  respect  to  these  characters  is  as  follows:  "hyphae, 
25-30X 5m,  continuous  ....  ;  condia  ....  1-3  septate,  65-80X3/1."  These 
characters  for  the  fungus  on  A.  portoricensis  are:  conidiophores  40-285 
X3-4/X,  continuous  to  1-6  septate;  conidia  55-230X2-2,5/i,  continuous  to 
obscurely  several  septate.  A  comparison  of  the  two  indicates  that  either 
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the  original  description  was  based  on  young  material  or  that  the  two  are 
distinct.  The  latter  contention,  however,  is  not  borne  out  by  a  comparison 
of  the  spots  produced,  the  manner  of  conidiophore  production,  nor  coni- 
diophore  and  conidial  shape  and  color.  The  fungi  on  the  two  host  species 
are,  therefore,  in  all  probability  members  of  the  same  species. 

Specimens  examined:  Herb.  Univ.  of  111.  Porto  Rican  Fungi,  Nos. 
3976  and  8479  (Coama,  Porto  Rico). 

Cercospora  apii  Fresenius,  Beitr.,  3:91,  1863.  PI.  XI,  figs.  46-54. — 
Frank,  Krank.  d.  Pflantzen,  p.  603,  1880.- — ^Ellis  and  Everhart,  Jour.  Myc. 
1:  36,  1885.— Saccardo,  Syll.  Fung.,  4:  442,  1886;  Fungi  Ital.,  PL  667.— 
Scribner,  Rep.  Sec.  Agric,  U.  S.,  1886,  p.  117.  PL  V.— Atkinson,  Cornell 
Bull.,  49:  314,  1892.  fig.  5.— Briosi  and  Cavara,  I  Funghi  Parass.,  Fasc. 
XI,  No.  268,  1896.  figs.  1-3.— Duggar  and  Bailey,  Cornell  Bull.,  132:  201, 
1897.  figs.  48-50.— Prillieux,  Malad.  d.  Plant.  Agric,  2:  355,  1897.  fig. 
406.— Hume,  Fla.  Sta.  Rept.  1899  and  1900,  p.  34.  PL  II.— Kirchner, 
Krank.  u.  Beschad.  unser  land.  Kulturpfl.,  2nd  Ed.,  pp.  296,  355,  1906. — 
Kirchner  and  Boltshauser,  Atlas  III,  PL  10,  figs.  1-2. — Lindau  in  Raben- 
horst's  Kryptogamen- Flora,  9:  123,  1910. — Massee,  Diseases  Cult.  Plants, 
p.  486,  1910.  fig.  147.— Schwarze,  N.  J.  Bull.,  313:  130,  1917,  figs.  780-781. 
— Stevens,  Fungi  Which  Cause  Plant  Disease,  p.  628,  1921,  fig.  426. — 
Klotz,  Mich.  Sta.  Tech.  Bull.,  63,  1923.  Pis.  I-IX.— Stevens,  Plant  Disease 
Fungi,  p.  414,  1925.  fig.  388. 

Type  locality:  Germany  (?) 

Spots  amphigenous,  subcircular  to  somewhat  angular,  more  or  less 
confluent,  at  times  vein-limited,  frequently  causing  contortion  of  the  leaf, 
1-10  mm.  to  2  cm.,  at  first  dark  green,  becoming  yellowish  towards  the 
centers,  then  pale  brown  to  tan,  and  eventually  whitish,  not  infrequently 
appearing  olivaceous  due  to  the  abundance  of  conidiophores;  border  in- 
definite to  definite,  not  raised  or  slightly  raised,  olivaceous,  about  60^ 
wide.  Mycelium  internal,  irregular,  hyaline,  subhyaline,  light  yellowish- 
brown  to  olivaceous,  1.5-3.5//,  3.5-6.5/i  in  the  stromata.  Condiophores 
amphigenous,  solitary  to  rather  densely  tufted,  rupturing  the  epidermis  or 
emerging  through  the  stomata,  simple  or  rarely  branched,  straight  to 
flexuous,  with  a  more  or  less  bulbose  base,  arising  from  a  stroma  formed  from 
loosely  to  fairly  compactly  interwoven  hyphae,  yellowish-brown  to  olive- 
brown,  20-125X3-6/1,  continuous  to  1-2  septate  towards  bases,  conidial 
scars  distinct,  aggregated  towards  the  tips  or  somewhat  scattered.  Conidia 
at  first  more  or  less  cylindrical,  then  somewhat  fusiform,  and  finally  acicular 
to  acicular-obclavate,  subhyaline  to  light  yellowish-green,  15-195X2.5-4.5 
Xl-3/t,  continuous  to  1-25  closely  septate.  [Fig.  1.] 

On  leaves  and  stems  of  *Apium  graveolens  L.  and  A.  graveolens  L.  var. 
rapaceum  DC. 
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Klotz  lists  conidiophores  up  to  180/x  and  not  infrequently  having  cross 
walls  throughout  their  whole  length.  He  also  lists  conidia  to  290fx  with 
29  cross  walls. 

Considerable  variability  exists  in  conidiophore  and  conidial  measure- 
ments of  several  of  the  specimens  examined.  Some  of  these  measurements 
are  as  follows:  conidiophores  25-125X3.3-4.5//,  conidia  20-175X2.5-3.8 
X1.3-2.5m;  conidiophores  20-75X4.5-5.8m,  conidia  28-195X3-4.2X2-3^; 
conidiophores  20-80X4-6/1,  condia  15-160X3-4Xl.5-3/t;  conidiophores 
20-55 X 3.5-4.5/i,  conidia  20-150 X  2.5-4X  1-2. 2/i.  The  septation  of  the  con- 
idia in  these  cases  varied  directly  with  their  length.  The  above  differences 
may  mean  tha.tCercospora  apii  consists  of  several  varieties.  Itis  more  proba- 
ble, however,  that  the  variations  are  due  to  external  environmental  factors 
than  to  internal  factors,  since  size  alone  is  the  apparent  variable. 

Specimens  examined:  v.  Thiimen,  Herb.  Myc.  Oec,  No.  463  (Cone- 
gliana,  Italy).— Briosi  and  Cavara,  I  Funghi  Parass.,  No.  268  (Meaux, 
France).— Roumeguere,  Fungi  Sel.  Exs.,  No.  6906  (Meaux,  France).— 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1739a  (Columbia,  Mo.); 
Fungi  Columb.,  No.  885a  (London,  Canada). — Seymour  and  Earle,  Ec. 
Fungi,  Nos.  440a  (Columbus,  Ohio)  and  440b  (New  Brunswick,  N.  J.).— 
Bartholomew,  Fungi  Columb.,  No.  4004  (St.  Paul,  Neb.). 

Cercospora  atrogrisea  Ellis  and  Everhart,  Proc.  Acad.  Nat.  Sci.  Phila., 
1893,  p.  464.— Saccardo,  Syll.  Fung.,  11:  625,  1896. 

Type  locality:  Newfield,  N.  J.,  Ellis  and  Everhart,  N.  Amer.  Fungi, 
Sec.  Ser.,  No.  3089;  Fungi  Columb.,  No.  394. 

Spots  none,  the  conidia  and  conidiophores  forming  gray  to  slaty-black 
patches  on  pods  and  stems.  Conidiophores  densely  tufted,  the  tufts 
closely  compacted,  seated  on  a  vertically  elongated,  compact  stroma, 
simple,  with  a  bulbose  base,  straight  to  subflexuous,  cinnamon  brown, 
40-110X4-5/Z,  continuousto  1-6  septate,  conidial  scars  distinct  and  rather 
distantly  scattered.  Conidia  acicular,  rarely  narrowly  obclavate,  subhya- 
line,  50-200 X 3-4 Xl.5-2/f,  6-18  closely  septate. 

On  dead  stems  and  pods  of  *Raphaniis  sativus  L. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  3089  (type)  (Newfield,  N.  J.,);  Fungi  Columb.,  No.  394  (type)  (New- 
field,   N.   J.). 

Cercospora  davisii  Ellis  and  Everhart,  Proc.  Acad.  Nat.  Sci.  Phil., 
p.  89,  1891.— Atkinson,  Jour.  Elishu  Mitch.  Sci.  Soc,  8:  60,  1891.— Sac- 
cardo, Syll.  Fung.,  10:  622,  1892.— Davis,  Trans.  Wis.  Acad.,  21:  275,  1924. 

Type  locality:  Racine,  Wisconsin,  J.  J.  Davis,  No.  1089.  Topo-type: 
J.  J.  Davis,  Racine,  Wis.,  1890.  Issued  in  Ellis  and  Everhart,  N.  Amer, 
Fungi,  Sec.  Ser.,  No.  2581. 
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Spots  amphigenous,  subcircular,  more  or  less  vein-limited,  at  times  con- 
fluent, 1-5  mm.,  greenish  to  dark  brown;  border  indefinite  or  in  part  de- 
finite, slightly  raised,  yellowish-brown,  30-75/x  wide.  Mycelium  internal, 
hyaline,  subhyaline  to  light  brownish-yellow,  1.5-4.5)u.  Conidiophores 
amphigenous,  loosely  to  somewhat  densely  tufted,  emerging  through  the 
stomata  or  rupturing  the  epidermis,  simple,  straight  to  subflexuous,  with 
or  without  a  bulbose  base,  arising  from  a  stroma  of  loosely  to  fairly  com- 
pactly interwoven,  irregular  hyphae,  pale  Dresden  brown,  20-85  X3-6ju, 
continuous  or  1-2  septate  above  thebases,  conidial  scars  distinct, shouldered 
mostly  aggregated  towards  the  tips.  Conidia  at  first  cylindrical,  then 
acicular,  subhyline  to  light  greenish-yellow,  20-140X2.2-4.5 XI. 2-2. 5^,  at 
first  continuous,  becoming  closely  1-13  septate. 

On  leaves  and  stems  of  *MelitoUis  alba  Desr. 

Davis  records  conidiophores  up  to  140/x. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  2581  (Racine,  Wis.). — Bartholomew,  Fungi  Columb.  No.  1811  (Stock- 
ton, Kans.). 

Cercospora  demetrioniana  Winter,  Hedw.,  23:  170,  1884;  Rabenhorst- 
Winter,  Fungi  Europaei,  Ser.  II,  No.  3079,  1886. — Ellis  and  Everhart, 
Jour.  Myc,  1 :  34,  1885.— Saccardo,  Syll.  Fung.,  4:  439,  1886. 

Spots  amphigenous,  circular,  at  times  confluent,  mostly  concentrically 
zoned,  rusty-brown  to  dark-brown  above,  light-brown  to  deep  olive- 
brown  below,  not  very  definitely  limited,  1-1.5  mm.  in  diameter.  Mycelium 
internal,  regular  to  irregular,  mostly  fine,  subhyaline  to  greenish-yellow, 
becoming  quite  coarse  near  stromatic  areas,  the  coarser  mycelium  being 
yellov/  to  yellowish-brown,  1.5-6/x  in  diameter.  Condiophores  am- 
phigenous, solitary  to  somewhat  densely  tufted,  tufts  scattered,  rup- 
turing the  epidermis  or  emerging  through  the  stomata,  arising  from  a 
loose  to  fairly  compact  stroma,  simple,  straight  to  subflexuous,  Brussels- 
brown,  40-350X4-6^,  1-10,  remotely  septate,  conidial  scars  distinct  and 
distantly  scattered.  Conidia  acicular  to  somev.-hat  fusiform,  rarely  narrow- 
ly obclavate,  hyaline  to  greenish-yellow,  50-210X3. 5-5. 5X1. 5-3/i,  7-16 
very  closely  septate. 

On  leaves  of  *Crotalaria  sagittalis  L. 

The  original  description  lists  conidiophores  up  to  1  mm.  in   length. 

Specimens  examined:  Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II, 
No.  3079  (type)  (Perry ville,  Mo.). — Ellis  and  Everhart,  N.  Amer.  Fungi, 
Sec.  Ser.,  No.  1744  (Faulkland,  Del.). 

Cerospora  echinocystis  Ellis  and  Martin,  Am.  Nat.,  16:  1003,  1882. — 
Ellis  and  Everhart,  Jour.  Myc,  1 :  40,  1885.— Saccardo,  Syll.  Fung.,  4:  452, 
1886.— Davis,  Trans.  Wis.  Acad.,  18:  268,  1916. 

Type  locality:  Lexington,  Ky.,  W.  A.  Kellerman. 
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Spots  amphigenous,  angular,  vein-limited,  more  or  less  confluent, 
0.5-3  mm.,  light  brown,  becoming  brownish-white  to  white;  border  in- 
definite. Mycelium  internal,  hyaline,  1.5-6^,  the  larger  dimensions  obtaining 
just  beneath  the  conidiophores.  Conidiophores  amphigenous,  solitary  or 
loosely  tufted,  rupturing  the  epidermis  or  rarely  emerging  through  the 
stomata,  simple,  flexuous,  non-stromatic,  or  rarely  with  a  loose  stroma, 
Dresden  brown  to  Saccardo's  umber,  25-200X3. 5-6^*,  continuous  or  1-5 
septate,  conidial  scars  distinct,  shouldered,  scattered.  Conidia  acicular  to 
to  acicular-obclavate,  hyaline  to  light  greenish-yellow,  25-200X2-4.5 
X1-3m,  closely,  or  rather  distantly  1-15  septate. 

On  leaves  of  *Echitiocystis  lobafa  (Michx.)  T.  and  G.  and  *Sicyos 
angulahis  L. 

The  above  description  differs  considerably  from  the  original  in  the 
measurements  given.  The  maximum  length  for  the  conidia  and  especially 
for  the  conidiophores  of  the  original  description  is  much  below  that  given 
above.  However,  specimens  were  examined  in  which  the  conidiophores 
varied  from  the  short  ones  (45m)  recorded  by  Ellis  and  Martin  and  the 
longer  ones  recorded  above.  No  other  differences  were  noted.  The  vari- 
ability in  length  is  apparently  due  to  differences  in  age  of  the  specimens 
when  collected. 

In  the  specimen  on  Sicyos  angulakis,  Seymour  and  Earle,  Ec.  Fungi, 
No.  285,  the  conidiophores  were  not  infrequently  branched.  In  other  speci- 
mens on  the  same  host  branching  was  rare.  No  branching  was  observed, 
on  the  other  host  species.  The  branches  were  for  the  most  part  opposite, 
subtending  a  terminal  conidial  scar.  In  the  branched  specimens  the  geni- 
culations  were  much  more  pronounced  than  in  the  other.  No  further 
significant  differences  were  observed. 

For  the  present  the  two  forms  are  left  under  C.  echinocysHs  Ell.  and 
Mart.,  although  it  is  quite  possible  that  they  are  distinct. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1746  (West  Chester,  Pa.).~Seymour  and  Earle,  Ec.  Fungi,  No.  285 
(New  Brunswick,  N.  J.).— Herb.  Univ.  111.  ex  Herb.  Univ.  Wis.,  J.  J. 
Davis,  Lynxville,  Wis.,  Sept.  9,  1915;  Herb.  Univ.  111.  ex  Crypt.  Herb,  of 
F.  L.  Stevens,  New  Brunswick,  N.  J.,  Aug.  24,  1892. 

Cercospora  ipomoeae  Winter,  Rabenhorst-Winter,  Fungi  Europaei, 
Ser.  II,  No.  3585,  1886;  Hedw.,  26:  34,  1887.— Ellis  and  Everhart,  Jour. 
Myc,  4:  7,  1888.— Saccardo,  Syll.  Fung.,  10:  633,  1892.— Hennings, 
Engler's  Bot.  Jahrb.,  34:  605,  1905.— Anderson,  U.  S.  Dept.  Ag.  Bull., 
1366:54,  1926. 

Type  locality:  Perry ville,  Mo.,  Rabenhorst-Winter,  Fungi  Europaei, 
Ser.  II,  No.  3585. 

Spots  amphigenous,  subcircular  to  angular,  somewhat  vein-limited,  more 
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or  less  confluent,  1-4  mm.,  olivaceous,  olive-brown  to  brown,  becoming 
grayish  centered,  darker  above  than  below;  border  definite,  raised,  blackish- 
brown,  75-225^,  the  whole  surrounded  by  a  narrow  yellow  translucent  or 
purplish  opaque  area.  Mycelium  internal,  more  or  less  irregularly  inflated, 
hyaline  to  dilute  brownish,  1.5-6;u.  Conidiophores  amphigenous,  loosely 
tufted,  rupturing  the  epidermis,  simple,  straight  to  flexuous,  non-stromatic, 
or  approaching  a  very  loose  stromatic  condition,  dilute  Brussels  brown, 
20-325  X3-6ju,  continuous  or  1-7  septate  ;conidial  scars  distinct,  scattered, 
more  or  less  shouldered.  Conidia  acicular,  hyaline,  25-330X2.5-3.5 
Xl-2/i,  somewhat  obscurely  1-30  septate. 

On  leaves  of  *Ipomoea  lacunosa  L.,  /.  pandurata  G.  F.  W.  Mey,  /.  pur- 
purea. Lam.,  /.  {Pharbitis)  hederacea  Jacq. 

In  Roumeguere,  Fungi  Sel.  Exs.,  No.  4487,  the  host  is  recorded  as  /. 
laciniosa  L.  This,  no  doubt,  should  be  /.  lacunosa  L.,  since  the  former 
name  does  not  appear  in  any  of  the  standard  indexes. 

Specimens  examined:  Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II. 
No.  3585  (type)  (Perryville,  Mo.).— Roumeguere,  Fungi  Sel.  Exs.,  No. 
4487  (Concordia,  Mo.). 

Cercospora  lippiae  Ellis  and  Everhart,  Jour.  Myc,  3:  20,  1887. — Sac- 
cardo,  Syll.Fung.,  10:  632,  1892.— Davis,  Trans.  Wis.  Acad.,  14:  96,  1903. 
Type  locality:  Louisiana,  Langlois,  No.  826. 

Spot  amphigenous,  circular,  rarely  confluent,  brown,  dark-brown  to 
grayish-brown  above,  light-brown  ,  olive-brown  to  grayish-brown  below, 
1-3  mm.  in  diameter;  border  definite,  raised,  brown  to  dark-brown,  at 
times  reddish-brown,  150-300)U,  the  whole  not  infrequently  surrounded  by 
a  narrow  brown  to  red  discolored  area.  Mycelium  internal,  almost  regular 
to  irregular,  hyaline  to  light  yellowish-brown,  1.5-4.5/^.  Conidiophores 
amphigenous,  densely  tufted,  emerging  through  the  stomata,  simple, 
straight  to  subflexuous,  arising  from  a  short  compact  stroma,  pale  yellow- 
ish-brown to  olive-brown,  20-55X2.5-4.5At,  continuous  to  1-2  septate,  coni- 
dial  scars  minute  but  distinct,  somewhat  warty  and  closely  aggregated. 
Conidia  narrowly  obclavate  to  somewhat  fusiform,  rarely  acicular,  sub- 
hyaline  to  light  greenish-yellow,  25-350X2-3X  1-2/i,  closely  3-16  septate. 

On  leaves  of  *Lippia  nodiflora  Michx.  and  *L.  lanceolata  Michx. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  3088  (Port  Byron,  111.);  Fungi  Columb.,  No.  387  (Port  Byron,  111.)— 
Bartholomew,  Fungi  Columb.,  Nos.  2213  (Belvue,  Kans.)  and  3005 
(Stillings,  Mo.). 

Cercospora  angulata  Winter,  Hedw.,  24:  202,  1885.  On  Philadelphus 
coronarius  L.,  Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II.  No.  3588  (type) 
(Perryville,  Mo.). 

Cercospora' arctii  Stevens,  Bull.  Bernice  P.  Bishop  Mus.,  19:  154,  1925. 
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On  Arctium  lappa  L.,  Herb.   Univ.   of  111.,  Hawaiian  Fungi,   No.   1096 
(Kukuikaele,  Hawaii). 

Cercospora  heticola  Saccardo,  Fungi  Ven.,  Ser.  V,  p.  189.  1878.  On 
Beta  vulgaris  L.  Various  miscellaneous  specimens  of  the  Herb.  Univ.  of  111. 

Cercospora  canescens  Ellis  and  Martin,  Am.  Nat.,  16: 1003,  1882.  On 
Phaseolus  lunatus  L.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser.  II,  No. 
3788  (Perry ville,  Mo.). 

Crecospora  clavata  (Gerard)  Peck,  34  Rept.  N.  Y.  State  Mus.,  p.  48, 
1881.  On  Asclepias  incarnata  L.,  Herb.  Univ.  of  111.,  No.  32961  ex  Herb. 
U.  S.  Dept.  Agric,  Div.  V.  P.  P.,  No.  1131  (Urmeyville,  Ind.). 

Cercospora  cruenta  Saccardo,  Mich.,  2:  140,  1880.  On  Phaseolus  sp., 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  2294  (Locality  not  given), 

Cercospora  depazeoides  (Desmazieres)  Saccardo,  Novo  Goirn.  Bot.  Ital. 
8:  187,  1876.  On  Sambucus  nigra  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi, 
Sec.  Ser.,  No.  1749b  (Ames,  la.). 

Cercospora  nialvarum  Saccardo,  Mich.,  2:  365,  1880.  On  Malva  rotundi- 
folia  L.,  Ellis  and  Everhart,  Fungi  Columb.,  No.  884.  (Newfield,  N.  J.). 

Cercospora  microsora  Saccardo,  Mich.,  2:  128,  1880.  On  Tilia  europaea 
L.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  44  (Italy). 

Cercospora  oculata  Ellis  and  Kellerman,  Bull.  Torr.  Bot.  Club,  11:  116, 
1884.  On  Vernonia  baldwinii  Torr.,  Ellis  and  Everhart,  Fungi  Columb., 
No.  598  (Rockpor-t,  Kan.). 

Cercospora  physalidis  Ellis,  Am.  Nat.,  16:  810,  1882.  On  Phy salts 
virginiana  Mill.,  Ellis  and  Everhart,  Fungi  Columb.,  No.  1085  (Rooks 
Co.,  Kan.). 

Cercospora  radiata  Fuckel,  Symb.  Myc,  p.  354,  1869.  On  Trigonella 
foenumgraceum  L.,  Thiimen,  Myc.  Univ.,  No.  584  (Vigheffio,  Parma, 
Italy). 

Cercospora  resedae  Fuckel,  Symb.  Myc,  p.  353,  1869.  On  Reseda 
odorata  L.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  83  (Pavia,  Italy). 

Cercospora  sagittariae  Ellis  and  Kellerman,  Jour.  Myc,  2:  1,  1886. 
On  Sagittaria  latifolia  Willd.,  Ellis  and  Everhart,  Fungi  Columb.,  No. 
693   (West  Townshend,   Vt.).     [Fig.  7.] 

Cercospora  squalidula  Peck,  33  Rept.  N.  Y.  State  Mus.,  p.  29,  1880. 
On  Clematis  virginiana  L.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser. 
II,  No.  3288  (Decorah,  la.). 

Cercospora  feucrii  Ellis  and  Kellerman,  Bull.  Torr.  Bot.  Club,  11: 
116,  1884.  On  Teucritini  canadense  L.,  Ellis  and  Everhart,  Fungi  Columb., 
No.  459  (Rockport,  Kan.). 
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Cercospora  violae-tricoloris  Briosi  and  Cavara,  I  Funghi  Parass.,  No. 
185.  On  Viola  tricolor  L.,  (type)  (Pavia,  Italy). 

Section  V 
Mycelium  internal,  conidiophores  simple,  stroma  composed  of  loosely 
to  fairly  compactly  interwoven  hyphae,  or  rarely  none  produced,  conidia 
abruptly  obclavate. 

Cercospora  magnoliae  Ellis  and  Harkness,  Bull.  Tor.  Bot.  Club,  8: 
27,  1881.— Ellis  and  Everhart,  Jour.  Myc,  1:35,  1885.— Saccardo, 
Syll  Fung.,  4:  459,  1886.— Schwarze,  N.  J.  Bull.,  313:  136,  1917,  figs. 
814-815. 

Type  locality:  Newfield,  N.  J.,  Ellis  and  Harkness,  Nov.  1880,  Ellis, 
N.  Amer.  Fungi,  No.  643. 

Spots  amphigenous,  subcircular,  more  or  less  vein-limited,  minute, 
0.3-0.6  mm.,  dark-brown  above,  becoming  white  centered,  purplish 
below;  border  definite  above,  raised,  dark-brown  to  brown, 9  0-150  )u; 
below  indistinct  and  not  much  different  from  the  main  spot.  Mycelium 
internal,  hyaline  to  yellowish,  0.5-3  n,  stromatic  mycelium  brownish- 
yellow.  Conidiophores  hypophyllous,  densely  tufted,  rupturing  the  epider- 
mis, simple,  straight  to  subflexuous,  arising  from  a  small  stroma,  Dresden 
brown  to  olive-brown,  25-275X2-3  ju,  continuous  or  several  septate,  con- 
idial  scars  more  or  less  indistinct,  somewhat  warty.  Conidia  obclavate, 
straight  or  curved,  more  or  less  constricted  at  septa,  apical  cell  beak- 
like, olivaceous,  25-42X5-6X2.5-3.5  jx,  1-3-6  septate. 

On  leaves  of  *Magnolia  glauca  L. 

Specimens  examined:  Ellis,  N.  Amer.  Fungi,  No.  643  (type)  (New- 
field,  N.  J.). — Rabenhorst-Winter,  Fungi  Europaei,  Ser.  II,  No.  3286 
(Newfield,  N.  J.). 

Cercospora  petroselini  Saccardo,  Ann.  Myc,  10:  321,  1912;  Syll.  Fung., 
22:  1423,  1913.— Ellis  and  Everhart,  Jour.  Myc,  1:  37,  1885,  sub  Cer- 
cospora apii  Fresenius. 

Syn.  Cercospora  apii  Fresenius  var.  petroselini  Saccardo,  Syll.  Fung., 
4:  442,  1886. — Lindau  in  Rabenhorst's  Kryptogamen-Flora,  9: 
124,  1910. 

Type  locality:? 

Spots  amphigenous,  subcircular  to  circular,  more  or  less  vein-limited, 
0.5-1.5  mm.,  greenish  to  yelloM-ish-brown,  appearing  olivaceous  to  black 
due  to  abundance  of  conidiophores;  border  indefinite.  Mycelium  internal, 
irregular,  hyaline  to  light  yellowish-brown,  2.2-6)U,  stromatic  mycelium 
Dresden  brown  to  olive-brown,  6-10  ju,  the  cells  of  the  latter  being  almost 
isodimatric  Conidiophores  amphigenous,  very  densely  tufted,  rupturing 
the  epidermis  or  emerging  through  the  stomata,  inflated  upon  emerging 
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from  the  host,  simple,  flexuous,  distorted,  arising  from  a  stroma  of  closely 
compacted  h>-phae,  Dresden  brown  to  olive-brown,  very  dilute  towards 
the  tips,  35-85X5-7  ju,  continuous  or  1  septate  near  the  bases;  conidial 
scars  distinct,  scattered,  somewhat  warty.  Conidia  obclavate  to  cylin- 
drical, hyaline  to  light  greenish-yellow,  15-40X3.5-6X3-3.5  n,  1  septate. 

On  leaves  of  *Petroselinum  hortense  Hoffm. 

Ellis  and  Everhart  describe  the  conidia  as  being  1-3  septate  and 
30-50X5-7  jx.  Saccardo  records  them  as  1-2  septate  and  36-40X4-5  ix. 
In  the  specimens  listed  below  no  conidia  were  found  with  more  than  1 
septum. 

Specimens  examined:  Thiimen,  Myc.  Univ.,  No.  483  (Parma,  Italy); 
Herb.  Myc.  Oec,  No.  464  (Parma,  Italy). 

Cercospora  siiperflua  Ellis  and  Holway,  Jour.  Myc,  2:  2,  1886. — 
Saccardo,  Syll.  Fung.,  4:  471,  1886. 

Type  locality:  Decorah,  Iowa,  E.  W.  D.  Holway,  Aug.  1885,  Ellis 
and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1525. 

Spots  amphigenous,  subcircular  to  irregular,  more  or  less  vein-limited, 
2-7  mm.,  light  brown;  border  definite,  very  slightly  raised,  a  little 
darker  brown  than  the  spot,  50-100  m-  Mycelium  internal,  hyaline, 
1.5-4.5  jx,  stromatic  mycelium  3-7.5  /x.  Conidiophores  amphigenous, 
moderately  to  somewhat  densely  tufted,  the  tufts  thickly  scattered  over 
the  spots,  rupturing  the  epidermis,  simple,  straight  or  almost  so,  arising 
from  a  loose  to  compact  stroma,  olive-brown  to  Dresden  brown,  10- 
30X4-5  n,  continuous,  conidial  scars  fairly  distinct.  Conidia  obclavate, 
curved,  Dresden  brown,  20-75X5-7.5X2-3  ju,  2-6-7  septate. 

On  leaves  of  *Fraxinus  sp.  (?) 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1525  (type)  (Decorah,  Iowa). 

Cercospora  bolleana  (Thiimen)  Spegazzini,  Mich.,  1:475,  1879.  On 
Ficus  carica  L.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  85  (Pavia, 
Italy). 

Cercospora  cerasella  Saccardo,  Mich.,  1:  266,  1879.  On  Prunus  virgin- 
iana  L.,  Bartholomew,   Fungi  Columb.,  No.   1608    (Rooks   Co.,   Kan.) 

Cercospora  desmodii  Ellis  and  Kellerman,  Bull.  Torr.  Bot.  Club,  11: 
121,  1884.  On  Desmoditun  sp.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  1501  (Manhattan,  Kan.). 

Cercospora  rosaecola  Passerini,  in  Thiimen's  Myc.  Univ.,  No.  333, 
1876.  On  Rosa  blanda  Ait.,  Bartholomew,  Fungi  Columb.,  No.  3412 
(London,  Ontario,  Canada). 

Cercospora  simulata  Ellis  and  Everhart,  1:  64,  1885.  On  Cassia  mari- 
landica  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1751  (Gran- 
ville, Mass.). 
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Cercospora  timbrata  Ellis  and  Holway,  Jour.  Myc,  2:  2,  1886.  On 
Bidens  sp.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1521 
(type)  (Decorah,  la.). 

Section  VI 

Mycelium  internal,  conidiophores  simple,  stroma  composed  of  loosely 
to  fairly  compactly  interwoven  hyphae,  or  rarely  none  produced,  conidia 
cylindrical  or  somewhat  fusiform. 

Cercospora  cana  Saccardo,  Myc.  Ven.,  No.  593,  1876;  Nuovo  Giorn. 
Bot.  Ital.,  8:  188,  1876.— Rabenhorst,  Fungi  Europaei,  No.  2153, 
1876;  Hedw.,  15:  119,  1876.— Saccardo,  Fungi  Ital.,  PI.  68,  1877;  Mich., 
1:  88,  1877.— Frank,  Krankh.  d.  Pfl.,  pp.  593-601,  1880.  Figs.  107,  108, 
110.— Ellis  and  Everhart,  Jour.  Myc,  1:  54,  1885. 

Syn.   Cercosporella  cana   (Saccardo)    Saccardo,   Mich.,   2:  364,    1881; 
Syll.    Fung.,  4:  218,  1886.— Costantin,  Les  Mucedinees  Sim- 
ples, p.  74,  1888.    Fig.  36^-3.- Davis,  Trans.  Wis.  Acad.,  11: 
166,  1898.— Kellerman,  Jour.  Myc,  9:172,  1903;  Ohio  Fungi., 
No.  142,  1906. — Lindau  in  Rabenhorst's  Kryptogamen-Flora, 
8:429,  1907.  Fig.  2.— Davis,  Trans.  Wis.  Acad.,  16:  742,  1910; 
17:  889,  1914;  21:257,  1924. 
Fusidium  camim  Passerini,  in  Thiimen,  Myc.  Univ.,  No.  378,  1876. 
Type  locality:  Selva,  Italy,  P.  A.  Saccardo,  Aug.  1875,  Myc.  Ven., 
No.  593,  Rabenhorst,  Fungi  Europaei,  No.  2153. 

Spots  amphigenous,  mostly  definite,  rarely  indefinite,  subcircular  to 
somewhat  angular,  more  or  less  vein-limited,  at  times  confluent,  1-6  mm., 
light  green  at  first,  becoming  light  yellowish-green,  light  brown  to  dark 
brown,  darker  above  than  below,  frequently  appearing  grayish  to  grayish- 
white,  especially  on  the  lower  surface,  due  to  the  abundance  of  conidio- 
phores and  conidia,  margin  at  times  greenish;  border  indefinite.  Mycelium 
internal,  subhyaline,  rarely  light  Dresden  brown,  1.5-4.5  ix,  stromatic 
mycelium  subhyaline  to  light  to  dark  Dresden  brown,  2.5-9  At-  Conidio- 
phores amphigenous,  or  in  some  cases  hypophyllous,  moderately  tufted, 
emerging  through  the  stomata,  simple,  or  very  rarely  branched,  straight  be- 
low, substraight  to  prominently  geniculate  in  region  of  conidial  production, 
arising  from  a  loose  to  compact  stroma,  subhyaline  to  light  greenish- 
yellow,  20-106X3-6  ^J.,  continuous  or  1-3  septate,  conidial  scars  distinct, 
prominently  denticulate,  closely  aggregated  towards  the  tips,  or  more 
rarely  somewhat  scattered,  Conidia  oblong-cylindrical  to  narrowly  ob- 
clavate,  straight  or  somewhat  curved,  subhyaline  to  light  greenish-yellow, 
25-100-140X3.5-6.5X2.5-4  n,  continuous  or  1-5-9  somewhat  distantly 
septate. 

On  leaves  of  *Erigeron  sp.,  *E.  canadensis  L.,   *E.  annuus  (L.)  Pers., 
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E.  philadelphicus  L.,  E.  raniosus  (Walt.)   BSP.,  *Solidago  sp.,    and  5. 
canadensis  L. 

The  position  of  the  conidiophores  on  the  upper  and  lower  surfaces  of  the 
leaves  is  correlated  with  the  particular  host  species.  On  E.  canadensis 
they  are  abundant  on  both  surfaces,  on  E.  annuus  they  are  mostly  hy- 
pophyllous,  and  on  the  species  of  Erigeron  in  Ellis'  N.  Amer.  Fungi, 
No.  1248,  they  are  present  only  on  the  lower  surface.  On  Solidago  they  are 
abundant  on  both  surfaces  of  the  leaves. 

The  fungus  on  Solidago,  Herb.  Univ.  of  111.  ex  Coll.  Mo.  State  Univ., 
No.  20219,  differed  from  the  forms  on  Erigeron  in  that  the  conidial  scars 
were  scattered  in  the  former  and  aggregated  towards  the  tips  in  the  latter. 
This  difference  is  quite  possibly  due  to  different  growth  conditions  and 
since  the  various  specimens  agreed  in  all  other  respects  it  is  perhaps  not 
of  any  significance. 

It  is  impossible  to  say  with  absolute  certainty  whether  Passerini  or 
Saccardo  first  named  this  species.  The  first  publication  in  a  journal  was 
by  Saccardo,  Nuovo  Giorn.  Bot.  Ital.,  April  30,  1876.  However,  this  pub- 
lication was  antedated  by  Passerini  as  Saccardo  calls  attention  to  Ftisidium 
canum  Pass,  in  a  note  to  his  species.  The  date  of  publication,  therefore, 
depends  on  whether  Saccardo's  Myc.  Yen.  Cent.  VI  was  issued  before 
Thumen's  Myc.  Univ.  Cent.  VL  Both  were  issued  early  in  1876,  apparently 
before  April  30.  Since  Saccardo  retains  his  name  calling  attention  to 
Passerini's  it  is  perhaps  right  to  assume  that  Myc.  Ven.  Cent  VI  was  issued 
the  earlier  of  the  two  exsiccati.  Lindau  (1.  c.)  has  apparently  adopted 
this  view,  giving  Saccardo  credit  for  the  species. 

Specimens  examined:  As  Cercospora  cana  Sacc,  Rabenhorst,  Fungi 
Europaei,  No.  2153  (type)  (Selva,  Treviso,  Italy).— Rabenhorst- Winter, 
Fungi  Europaei,  Ser.  II,  No.  3290  (Amanda,  Ohio).— EUis,  N.  Amer. 
Fungi,  No.  1248  (Amanda,  Ohio).— Herb.  Univ.  of  111.  ex  Coll.  Mo. 
State  Univ.,  No.  20219  (Columbia,  Mo.).  As  Cercosporella  cana  (Sacc.) 
Sacc,  Sydow,  Myc.  Ger.,  No.  1171  (Brandenburg).— Ellis  and  Everhart, 
Fungi  Columb.,  No.  595  (Port  Byron,  111.).— Seymour  and  Earle,  Ec. 
Fungi,  Nos.  310  (Middlebush,  N.  J.)  and  312  (New  Brunswick,  N.  J.).— 
Kellerman,  Ohio  Fungi,  No.  142  (Buckeye  Lake,  Ohio).— Bartholomew, 
Fungi  Columb.,  Nos.  2918  (London,  Canada)  and  4009  (Ithaca,  N.  Y.). 
As  Fusidium  canum  Pass.,  Thiimen,  Myc.  Univ.,  No.  378  (type)  (Parma, 
Italy). 

Cercospora  carotae  (Passerini)  Solheim  n.  sp. 

Syn.  Cercospora  apii  Fresenius  var.  carotae  Passerini,  Mem.  R.  Acad. 
Linnei,  Roma,  IV  ser.,  6:  469,  1890.— Saccardo,  Syll.  Fung., 
10:624,  1892.— V.  Hohnel,  Ann.  Myc,  1:  530,  1903.— Lindau 
in  Rabenhorst's  Kryptogamen-Flora,  9:  125,   1910. 
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Type  localit}':  Parma,  Italy. 

Spots  amphigenous  and  caulicolus,  subcircular  on  the  leaves,  oblong- 
elliptical  on  the  stems,  more  or  less  vein-limited  and  confluent,  0.3-3  mm. 
on  the  leaves,  1-4X1  mm.  on  the  stems,  light  brown  to  dark  brown,  usually 
lighter  in  color  towards  the  centers  of  the  spots  than  at  edges;  border 
definite,  more  or  less  raised,  dark  purplish-brown,  45-150  /x,  the  whole 
at  times  surrounded  by  a  very  narrow  yellow  translucent  area.  Mycelium 
internal,  hyaline,  1.5-6ju,  the  larger  hyphae  obtaining  beneath  the  conidio- 
phores.  Conidiophores  amphigenous,  solitary  or  loosely  tufted,  emerging 
through  the  stomata  or  rupturing  the  epidermis,  simple,  straight  to  sub- 
flexuous,  with  or  without  a  bulbose  or  inflated  base,  non-stromatic,  light 
yellowish-brown,  15-45X3-5/x,  continuous;  conidial  scars  minute,  rather 
indistinct,  mostly  aggregated  towards  the  tips.  Conidia  at  first  cylindrical, 
then  narrowly-obclavate,  bacilliform,  hyaline  to  subhyaline,  30-1 15  X  2-3  X 
1.5/x,  continuous  or  obscurely  1-8  septate. 

On  leaves  and  stems  of  *Daucus  carota  L. 

The  original  description  calls  for  conidiophores  hyaline,  septulate; 
conidia  30-65X3.5-4jU.  The  conidiophores  of  the  specimens  examined 
were  not  hyaline  but  the  color  was  very  dilute.  It  is  quite  probable  that 
they  are  hyaline  when  young.  Just  what  is  meant  by  septulate  is  difficult 
to  say.  Since  no  septa  were  observed  it  may  be  taken  to  mean  that  there 
was  some  doubt  as  to  whether  or  not  septa  were  actually  present. 

This  fungus  is  distinctly  dift'erent  from  C.  apii  Fresen.  The  conidia 
are  much  shorter  and  narrower.  The  septa  are  indistinct  and  the  distance 
between  them  is  about  twice  that  in  the  conidia  of  C.  apii  Fresen.  The 
conidiophores  are  equally  distinct. 

Specimens  examined:  Sydow,  Myc.  Ger.,  No.  1043  (Brandenburg). — 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  Nos.  2482a  (Emma,  Mo.) 
and  2482b  (New  Brunswick,  N.  J.). — Seymour  and  Earle,  Ec.  Fungi, 
No.  442  (New  Brunswick,  N.  J.). 

Cercospora  pastinacae  (Saccardo)  Peck,  Bull.  N.  Y.  State  Mus.,  157: 
45,  107,  1912.— Ellis  and  Everhart,  Jour.  Myc,  1:  37,  1885,  sub  Cercospora 
apii. 

Syn.  Cercospora  apii  Fresenius  var.  pastinacae  Saccardo,  Syll.  Fung., 
4:  442,  1886. 

Type  locality :  ? 

Spots  amphigenous,  inconspicuous,  sub-angular  to  irregular,  vein- 
limited,  at  times  confluent,  0.5-2  mm.,  yellowish-green,  rusty-brown  to 
tan  above,  olivaceous  to  light  yellowish-brown  below;  border  indefinite. 
Mycelium  internal,  irregular,  hyaline  to  subhyaline,  1.5-4.5)LI,  stromatic 
mycelium  dilute  yellowish-brown,  4.5-7)u.  Conidiophores  amphigenous, 
loosely  to  somewhat  densely  tufted,  the  tufts  being  uniformly  scattered 
over  the  spots,  emerging  through  the  stomata,  simple,  flexuous,  inflated 
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as  they  emerge  from  the  host,  arising  from  a  stroma  of  loosely  to  somewhat 
compactly  interwoven  hyphae,  light  olive-brown  to  yellowish-brown 
15-76 X4-7ju,  continuous,  or  1  septate  near  bases;  conidial  scars  distinct, 
scattered,  warty.  Conidia  acicular,  fusiform,  straight  or  curved,  light 
greenish-yellow,  30-95X4-5.5X2-3ju,  continuous  to  distantly  1-3  septate. 
[Fig.  14.] 

On  leaves  of  *Pastinaca  saliva  L. 

Peck  lists  the  conidia  as  being  25-85  X6-8;li  which  is  slightly  different 
from  the  above  measurements. 

Ellis  and  Everhart  referred  this  fungus  to  C.  apii  Fresen.  but  stated 
that  it  was  perhaps  specifically  distinct.  Later  Saccardo  gave  it  the  name 
of  C.  apii  Fresen.  var.  pastinacae  Sacc.  Peck  examining  the  fungus  in  1912 
concluded  that  it  was  a  distinct  species.  His  conclusion  is  undoubtedly 
correct.  The  spots  produced,  the  conidiophores  and  conidia,  of  this  fungus 
differ  markedly  from  those  of  C.  apii  Fresen. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  1739b  (Columbia,  Mo.).— Seymour  and  Earle,  Ec.  Fungi, 
No.  443  (New  Brunswick,  N.  J.).— Thiimen,  Herb.  Myc.  Oec,  No.  321 
(Bayreuth,  Bavaria).  On  the  last  specimen  two  kinds  of  spots  were  pre- 
sent, one  of  which  appeared  to  be  due  to  C.  pastinacae  (Sacc.)  Peck.  How- 
ever, no  fruiting  bodies  could  be  found. 

Cercospora  pastinacina  Solheim  n.  name  and  n.  comb. 

Syn.  C er cos porella  pastinacae  Karsten,  Hedw.,  23:  63,  1884.— Saccardo, 
Syll.  Fung.,  4:  219,  1886.  Kirchner,  Krank.  u.  Beschad.  un- 
serer  Land.  Kulturpflanzen,  p.  396,  1906. — Lindau,  in  Raben- 
horst's  Kryptogamen-Flora,  8:  424,  1907.— Cotton,  Kew  Bull. 
Misc.  Inf.,  1918,  p.  19,  fig.  2. 

Type  locality:  Mustiala,  Finland. 

Spots  amphigenous,  subcircular,  more  or  less  confluent,  0.5-3  mm.,  at 
first  brown,  then  becoming  white  centered;  border  definite,  slightly  raised, 
brown,  50-200^.  Mycelium  internal,  hyaline  to  subhyaline,  1.5-4.5^,  in- 
dividual cells  frequently  irregular  in  outline.  Conidiophores  amphigenous, 
indistinct,  densely  tufted,  scattered  in  vein-limited  sectors  of  the  spots, 
rupturing  the  epidermis,  simple,  straight  to  subfluexuous,  tapering,  arising 
from  a  short  compact  stroma,  subhyaline  to  very  dilute  yellowish,  14-30 
X2-3m,  continuous;  conidial  scars  fairly  distinct,  aggregated  at  tips. 
Conidia  narrowly-obclavate,  bacilliform,  subhyaline  to  dilute  yellowish, 
20-1 10X1-2. 5X0.8-1. 5m,  obscurely  1-6  septate. 

On  leaves  of  *Pastinaca  sativa  L. 

No  cross  walls  were  observed  in  the  conidiophores.  From  the  nature 
of  the  material  it  was,  however,  impossible  to  determine  whether  or  not 
they  never  are  present. 

This  fungus  has  been  confused  with  C.  pastinacae  (Sacc.)  Peck.    The 
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reason  for  this  is  apparently  due  to  a  misconception  of  what  the  latter 
actually  is  since  the  two  are  quite  distinct. 

Since  the  genus  Cercospora  already  contains  a  valid  species  bearing 
the  name  C.  pastinacae  (Sacc.)  Peck,  it  is  necessary  to  secure  a  new  name  for 
the  above  discribed  fungus.    C.  pastinacina  Solheim  is  the  name  given  it. 

Specimens  examined:  As  C.  apii  Fresen.,  Ellis  and  Everhart,  Fungi 
Columb.,  No.  885b  (London,  Canada).  As  C.  apii  Fresen.  var.  pastinacae 
sativae,  Thiimen,  Myc.  Univ.,  No.  1169  (Bayreuth,  Bavaria). 

Cercospora  campi-silii  Spegazzini,  Mich.,  2:  171,  1880. — Saccardo,  Syll. 
Fung.,  4:  440,  1886.— Lindau  in  Rabenhorst's  Kryptogamen-Flora,  9:  115, 
1910.    Ann.  Myc,  25:  286,  1927. 

Type  locality:  Consiglio,  Italy. 

Spots  amphigenous,  angular  to  subcircular,  more  or  less  vein-limited, 
at  times  confluent,  1-5  mm;  smaller  spots  grayish-green  above,larger 
spots  tri-colored,  with  a  grayish-green  center  surrounded  by  a  tan-colored 
zone  which  in  turn  is  surrounded  by  a  darker  brown  border  above,  similar 
below  but  somewhat  brownish  throughout;  border  indefinite  or  definite, 
slightly  raised,  brown,  50-350)U.  Mycelium  internal,  fairly  regular,  sub- 
hyaline,  1.6-3. 2-4. 9/i,  in  diameter.  Conidiophores  amphigenous  but  mostly 
hypophyllous,  solitary  or  loosely  to  somewhat  densely  tufted,  emerging 
through  the  stomata  or  rupturing  the  epidermis,  simple,  or  rarely  with 
opposite  branches,  erect,  subflexuous  to  flexuous,  non-stromatic,  dilute 
olivaceous,  30-100-140 X 3. 2-6. 5^t,  continuous  or  somewhat  obscurely  1, 
rarely  2,  septate;  conidial  scars  distinct,  mostly  shouldered,  at  times  denticu- 
late, scattered.  Conidia  cylindrical  to  fusiform,  subhyaline  to  dilute  olivace- 
ous, 15-50X2-3.5 XI. 6-3. 5ju,  up  to  6.5ju  at  the  widest  point,  1-6  somewhat 
irregularly  septate. 

On  leaves  of  *Impatiens  nolitangere  L. 

One  conidium  w^as  observed  germinating  and  producing  a  conidiophore. 

The  conidiophores  of  specimen  No.  2034,  Sydow,  Myc.  Ger.,  were  not 
infrequently  branched.  The  branching,  however,  was  not  uniformly  dis- 
tributed but  confined  to  certain  sectors  on  the  spots.  The  conidiophores 
of  the  other  specimens  listed  were  not  branched. 

Specimens  examined:  Sydow,  Myc.  Ger.,  No.  2034  (Schropfurth, 
Brandenburg).    Krypt.  Exs.,  No.  2040  (Tullnerbach,  Austria). 

Cercospora  dubia  (Riess)  Winter,  Hedw.,  22:  10,  1883.  On  Chenopodium 
album  L.,  Bartholomew,  Fungi  Columb.,  No.  4211  (Ithaca,  N.  Y.). 

Cercospora  granuliformis  Ellis  and  Holway,  Jour.  Myc,  1:6,  1885- 
On  Viola  cucidlata  Ait.,  Ellis  and  Everhart,  Fungi  Columb.,  No.  445 
(Nuttallburg,  W.  Va.). 

Cercospora  maianthemi  Fuckel,  Symb.  Myc,  p.  353, 1869.  On  Maianthe- 
muni  convallaria  Web.,  Rabenhorst- Winter,  Fungi  Europari,  Ser.  II,  No. 
3590a  (Borussia  near  Halle,  Germany). 
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Cercospora  osmorrhizae  Ellis  and  Everhart,  Proc.  Nat.  Acad.  Sci.  Phil., 
p.  89,  1891.  On  Osmorrhiza  longistylis  (Torr.)  DC,  Ellis  and  Everhart, 
Fungi  Columb.,  No.  458  (Racine,  Wis.). 

Cercospora  toxicodendri  Ellis,  Am.  Nat.,  16:  811,  1882.  On  Rhus 
toxicondendron  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1524 
(Newfield,  N.  J.). 

Section  VII 

Mycelium  internal,  conidiophores  with  opposite  branching,  stroma  com- 
posed of  loosely  to  fairly  compactly  interwoven  hyphae,  or  rarely  none 
produced,  conidia  abruptly  obclavate. 

Cercospora  cercidicola  Ellis,  Am.  Nat.,  16:  810,  1882;  Jour.  Myc, 
1:  36,  1885.— Saccardo,  Syll.  Fung.,  4:  463,  1886.— Atkinson,  Jour.  Elishu 
Mitch.  Sci.  Soc,  8:  42,  1891.— Halsted,  N.  J.  Agr.  Exp.  Sta.  Rept.,  1896, 
p.  397,  figs.  45-47.— Schwarze,  N.  J.  Bull.,  313:  132,  1917,  figs.  789-791.— 
Anderson  U.  S.  Dept.  Agr.  Bull.,  1366:  33,  1926. 

Syn.  Cercospora  cercidicola  Ellis  var.  coremioides  Tehon,  Myc,  16:  140, 
1924.    PL  13,  fig.  11. 

Type  locality:  Lexington,  Ky.,  W.  A.  Kellerman,  1882,  Ellis  N.  Amer. 
Fungi,  No.  1246. 

Spots  amphigenous,  circular  to  angular,  vein-limited,  1-4  mm.,  blackish- 
brown  to  rusty-brown  becoming  grayish  above  but  remaining  rusty-brown 
beneath;  border  definite,  raised,  black  to  black-brown,  75-150^,  the 
whole  surrounded  by  a  reddish  or  brown  to  rusty-brown  zone.  Mycelium 
internal,  hyaline  to  subhyaline,  1-4. S^t,  stromatic  mycelium  olive-brown, 
3-7/i.  Conidiophores  amphigenous  but  mostly  hypophyllous,  coremioid, 
loosely  to  rather  densely  tufted,  emerging  through  the  stomata  or  rupturing 
the  epidermis,  straight  for  about  one-half  to  three-fourths  their  length, 
very  flexuous  throughout  remainder  of  their  length,  arising  from  a  small 
stroma  of  compactly  interwoven  hyphae,  olive-brown,  50-280 X3-5/z,  1-8 
septate,  m.ore  or  less  branched,  branches  mostly  opposite  and  subtending  a 
terminal  conidial  scar,  rarely  monopodially  branched  below  the  region  of 
conidial  production  and  then  subtending  a  septum,  conidial  scars  distinct, 
prominently  denticulate,  collected  towards  tips.  Conidia  obclavate,  straight 
or  curved,  olivaceous,  20-55  X 4-6.5 X2-3yu,  distinctly  1-3  septate.  [Fig.  5.] 

On  leaves  of  *Cercis  canadensis  L.,  C.  japonicaSieb.,  Sind  C.  occidenta- 
lis  Torr. 

The  coremioid  character  on  which  C.  cercidicola  Ell.  var.  coremioides 
Tehon  is  based  is  characteristic  of  the  species. 
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This  fungus  appears  to  be  closely  related  to  C.  peter sii  (B.  and  C.)  Atk., 
having  the  same  habit  of  growth  and  the  same  type  of  conidia  and  conidio- 
phores. 

Specimens  examined:  Ellis,  N.  Amer.  Fungi,  No.  1246  (type)  (Lexington 
Ky.). — Bartholomew,  Fungi  Columb.,  No.  3306.  (Cabin  John  Bridge, 
Md.). 

Section  VIII 

Mycelium  internal,  conidiophores  with  alternate  branching,  stroma 
tuberculate,  conidia  acicular-obclavate. 

Cercospora  heuckerae  Ellis  and  Martin,  Am.  Nat.,  18:  189,  1884. — Ellis 
and  Everhart,  Jour.  Myc,  1:  34,  1885.— Saccardo,  Syll.  Fung.,  4:  453, 
1886.— Davis,  Trans.  Wis.  Acad.,  9:  166,  1893. 

Type  locality:  Chester  Co.,  Pa.,  Ellis,  N.  Amer.  Fungi,  No.  1258. 
Spots  amphigenous,  circular,  convex  above,  concave  below,  scattered 
over  the  leaf,  1.5-5  mm.;  uniformly  brown  to  dark-brown  or  with  a  tan- 
colored  center,  at  times  with  a  reddish  tint  above,  similar  below  but  lighter 
and  somewhat  olive-tinted;  border  definite  surrounding  the  tan  center  when 
present  as  well  as  the  major  spot,  dark-brown,  very  narrow,  15-25/i,  the 
whole  surrounded  by  a  yellowish,  at  times  red-tinted,  halo,  30-90/i  to  1  mm. 
Mycelium  internal,  somewhat  regular  to  very  irregular,  much  branched, 
hyaline  to  olive-brown,  more  or  less  guttulate,  1.5-4.6/i  in  diameter,  Coni- 
diophores amphigenous,  densely  tufted,  the  tufts  somewhat  scattered  over 
the  spots,  rupturing  the  epidermis  or  emerging  through  the  stomata,  intri- 
cately branched  towards  the  bases,  branching  penicillioid,  the  whole  form- 
ing a  compact  tubercle-like  structure  capped  by  the  ultimate  branches 
(25-50X3. 5-4. 5;u)  which  superficially  appear  to  be  the  complete  coni- 
diophores, somewhat  flexuous,  geniculate,  yellowish-brown  to  olive-brown, 
35-100X3.5-5/1,  closely  septate  in  tuberculate  region,  continuous  to  1-2 
septate  in  superficial  region.  Conidia  narrowly  obclavate,  rarely  acicular, 
hyaline  to  light  greenish-yellow,  10-1 15 X 2.5-3.5 XI. 5-2. 5/i,  2-14  septate. 

On  leaves  of  *Heuchera  americana  L.  and  Ileucliera  sp. 

Germinated  conidia  were  observed  on  the  spots.  Germ  tubes  emerged 
at  the  base  and  tip  and  also  at  the  sides.  The  tubes  traversed  the  epidermis 
until  they  came  to  stomata  through  which  they  made  entrance  into  the 
host. 

The  branching  of  the  conidophores  of  this  species  is  very  distinct.  It 
much  resembles  that  of  Penicillium  from  which  it  differs  in  that  it  is  at 
the  basal  end  of  the  conidiophore.  Superficial  examination  does  not  reveal 
the  branching  but  gives  the  impression  that  the  fungus  is  an  ordinary  un- 
branched  Cercospora  with  a  stroma.  The  tubercle-like  formation  pro- 
duced by  the  compact  conidiophores  indicates  that  the  true  Cercospora 
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tubercle  is  perhaps  formed  from  the  basal  portion  of  the  conidiophores 
instead  of  the  mycelium. 

Specimens  examined:  Ellis,  N.  Amer.  Fungi,  No.  1258  (type)  (Chester 
Co.,  Pa.). — Herb.  Univ.  of  111.  ex  Herb.  F.  L.  Stevens,  Ohio  Fungi,  Nos.  40 
(Marblehead,  L.  Erie)  and  181  (Sciota  River,  O.). 

Cercospora  rhoina  Cooke  and  Ellis,  Grev.,  6:  89,  1878. — Ellis  and  Ever- 
hart.  Jour.  Myc,  1:  Z3,  1885.— Saccardo,  Syll.  Fung.,  4:  467,  1886.— 
Atkinson,  Jour.  Eli.  Mitch.  Sci.  Soc,  8:  47,  1891.— Carver,  Proc.  la.  Acad., 
8:  165,  1900.— Schwarze,  N.  J.  Bull.,  313:  140,  1917.  figs.  832-836. 

Syn.  Cercospora  copallina  Cooke,  Grev.,  12:  31,  1883. — Saccardo,  Syll. 
Fung.,  4:  468,  1886. 

Type  locality:  New  Jersey.   Kew  No.  2656. 

Spots  amphigenous,  suborbicular  to  irregular,  more  or  less  vein-Hmited, 
tan-colored,  dark-brown,  blackish-brown,  purplish-brown  or  reddish-brown 
above,  light-brown  to  dark-brown,  or  reddish-brown  below,  in  age  some- 
times becoming  greyish,  border  indefinite  or  definite  and  dark  brown  to 
purplish,  somewhat  raised,  the  surrounding  leaf  tissue  usually  with  a  red- 
dish discoloration.  Mycehum  internal,  2.5-4;u  in  diameter,  much  branched, 
subhyaline  to  light  yellowish  brown,  the  darker  color  obtaining  especially 
beneath  the  tufts  of  tuberculate  conidiophores.  Conidiophores  amphi- 
genous, densely  tufted,  emerging  through  the  stomata  or  rupturing  the 
epidermis,  tuberculate,  somewhat  branchedatornear  the  bases,  rarely  above, 
straight  to  subflexuous,  geniculate,  olive-brown,  20-100 X3-4/z,  septate 
towards  the  bases.  Conidia  oblong-cylindrical  to  narrowly  fusoid  or  obcla- 
vate-acicular,  more  or  less  curved,  subhyaline  to  light  olive-yellow,  30- 
160X3-4X1.6-3.0m,  obscurely  3-14  septate. 

On  leaves  of  *Rhus  glabra  L.,  *R.  copallina  L.,  *R.  typhina  L.,  R.  pumila 
Michx.,  R.  toxicodendron  L.,  R.  vernix  L.,  R.  canadensis  Marsh,  and  R.  sp. 

The  branching  and  septation  of  the  conidiophores  are  a  little  difficult 
to  observe  due  to  the  dense  tufts.  Sections  as  well  as  masseration  after 
boiling,  however,  bring  these  points  out  very  clearly.  In  the  specimens 
examined  the  longest  conidiophores  noted  were  lOO^t.  Atkinson  records 
them  up  to  150/x. 

The  specimen  recorded  as  C.  rhoina  Cooke  and  Ellis,  on  Rhus  aromatica, 
Sydow,  Fungi  Exot.  Exs.,  No.  447,  is  immature.  Although  the  spots  re- 
semble those  produced  by  this  fungus,  it  can  not  definitely  be  said  that  the 
causal  organism  is  C.  rhoina  Cooke  and  Ellis.  Roumeguere,  Fungi  Sel. 
Exs.,  No.  4387,  recorded  as  C.  rhoina  Cooke  and  Ellis,  is  mislabeled.  Be- 
3'ond  this  the  material  did  not  permit  of  further  determination. 

Only  one  specimen  of  the  fungus  on  Rhus  typhina,  Herb.  Univ.  of  III., 
No.  32982,  ex  Herb.  U.  S.  Dept.  of  Agric,  Div.  of  V.  P.  P.,  No.  1815,  has 
been  seen.   This  specimen  lacked  conidia.   The  spots,  mycelium,  and  coni- 
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diophores  were  all  typical  of  C.  rhoina  and  the  determination  is  in  all  pro- 
bability correct. 

In  comparing  the  type  collection  of  C.  copallina  Cooke  in  Ravenel, 
Fungi  Amer.  Exs.,  No.  586,  as  well  as  other  collections  with  various  collec- 
tions of  C.  rhoina  Cooke  and  Ellis,  the  difference  between  the  two  as  inferred 
by  Cooke  was  not  observed.  Both  have  the  same  types  of  spots,  mycelium, 
olive-brown  tuberculate  conidiophores,  and  obscurely  septate,  obclavate- 
acicular  conidia.  Ellis  and  Everhart,  Jour.  Myc,  1:  34,  1885,  could  find 
no  difference  between  the  two.  C.  copallina  Cooke  must,  therefore,  be 
considered  a  synonym  of  C.  rhoina  Cooke  and  Ellis. 

Specimens  examined:  As  C.  rhoina  Cooke  and  Ellis,  Ellis,  N.  Amer. 
Fungi,  No.  47  (Newfield,  N.  J.);  No.  1252  (Manhattan,  Kan.).— Ellis 
and  Everhart,  Fungi  Columb.,  No.  794  (Newfield,  N.  J.). — Bartholomew, 
Fungi  Columb.,  No.  2613  (Lincoln,  Neb.);  No.  2809  (Rogers,  Ark.);  No. 
4613  (Tallahassee,  Fla.), — Roumeguere,  Fungi  Gallici  Exs.  No.  3876 
(Manhattan,  Kan.).^ — Seymour  and  Earle,  Ec.  Fungi,  No.  119  (Granville, 
Mass.). — Herb.  Univ.  of  111.  ex  Herb.  Univ.  of  Wis.,  specimen  collected  by 
J.  J.  Davis  at  Lynxville,  Wis.,  Aug.  31,  1915;  Herb.  Univ.  of  111.,  No. 
32982  ex  Herb.  U.  S.  Dept.  of  Agric,  Div.  of  V.  P.  P.,  No.  1815.  (Washing- 
ton, D.  C).  As  C.  copallina  Cooke,  Ravenel,  Fungi  Amer.  Exs.,  No  586 
(Aiken,  S.  C). — Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1505 
(Green  Cove  Springs,  Fla.). — Rabenhorst  and  Winter,  Fungi  Europaei, 
Ser.  II,  No.  3682  (Green  Cove  Springs,  Fla.). — Herb.  Univ.  of  111.  ex  Herb. 
A.  B.  Seymour,  specimen  collected  by  G.  Martin  at  Green  Cove  Springs, 
Fla.,  Dec.  1884. 

Cercospora  rihicola  Ellis  and  Everhart,  Proc.  Acad.  Sci.  Phil.,  p.  379, 
1894.  On  Ribes  sanguineum  Pursh.,  Ellis  and  Everhart,  N.  Amer.  Fungi, 
Sec.  Ser.,  No.  3391  (Seattle,  Wash.). 

Section  IX 

Mycelium  internal,  conidiophores  with  alternate  branching,  stroma 
tuberculate,  conidia  cylindrical. 

Cgrco5/>ora5wi/acuThumen,  InstitutodeCoimbra,  27:  24, 1879;  Hedw,, 
19:  135,  1880;  Myc.  Univ.,  Nos.  1670  and  1768,  1880.— Saccardo,  Syll. 
Fung.,  4: 476,  1886.— Overholts,  Ann.  Mo.  Bot.  Card.,  14: 428,  1927.  PL  40. 

Type  locality:  Coimbra,  Portugal,  Thiimen,  Myc.  Univ.,  No.  1768; 
prototype,  Myc.  Univ.,  No.  1670. 

Spots  amphigenous,  circular  to  angular,  more  or  less  vein-limited,  at 
times  confluent, 0.5-5  mm., dark-brown, somewhat  darker  above  than  below; 
border  definite,  raised,  dark-brown  to  blackish-brown  on  inner  margin, 
light  to  dark  brown  on  outer  margin,  75-200/i.    Mycelium  internal,  very 
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irregular,  hyaline  to  olive-brown,  2-7, 5^,  forming  here  and  there  compact 
stromatic  mats,  stromatic  mycelium  dark  olive-brown,  4.5-lOiJt.  Condi- 
ophores  amphigenous  but  mostly  hypophyllous,  densely  tufted,  rupturing 
the  epidermis,  with  a  bulbose  base,  flexuous,  arising  from  a  large,  compact, 
tuberculate  stroma,  Brussels  brown  25-140X4.5-6//,  1-5  septate,  somewhat 
branched,  branches  well  developed  each  producing  several  conidia,  coni- 
dial  scars  more  or  less  obscure,  somewhat  warty,  scattered.  Conidia  ob- 
long-clyndrical  to  narrowly  obclavate,  olivaceous,  20-1 25  X  3-4.5  X  2-4. 5/x, 
continuous  or  1-10  septate.   [Fig.  9.] 

On  leaves  of  *Similax  mauritanica  L. 

Overholts  lists  conidiophores  up  to  225/*  and  conidia  to  135/*. 

The  conidia  germinate  in  two  ways,  either  they  produce  an  infecting 
mycelium  or  they  produce  conidiophores  directly. 

This  species  differs  from  C,  petersii  (B,  and  C.)  Atk,  in  having  branched, 
erect,  but  not  coremioid  conidiophores  and  much  narrower  conidia. 

C.  simlacis  Thum.,  Ellis,  N.  Amer,  Fungi,  No.  1251,  does  not  belong 
under  this  species.  It  does  not  appear  to  agree  with  any  of  the  described 
species  of  Cercospora  on  Sniilax.  However,  until  further  studies  can  be 
made  of  these  species  it  is  advisable  to  leave  it  as  now  designated. 

Specimens  examined:  Thiimen,  Myc.  Univ.,  Nos.  1670  (prototype)  and 

Tyype)  (Coimbra,  Portugal).— Rabenhorst- Winter,  Fungi  Europaei, 
Ser.  II,  No.  2975  (Coimbra,  Portugal). — Roumeguere,  Fungi  Sel.  Exs., 
No.  5189  (Coimbra,  Portugal). 

Section  X 

Mycelium  internal,  conidiophores  with  alternate  branching,  stroma 
composed  of  loosely  to  fairly  compactly  interwoven  hyphae,  or  rarely  none 
produced,  conidia  cylindrical. 

Cercospora  consociata  Winter,  Hedw.,22:  70, 1883,— Ellis  and  Everhart, 
Jour.  Myc,  1:  53,  1885.— Saccardo,  Syll.  Fung.,  4:  470,  1886. 
Type  locality:  Illinois,  A.  B.  Seymour. 

Spots  amphigenous,  angular,  vein-limited,  4-10  mm.,  more  or  less 
sunken  below  and  correspondingly  raised  above,  dark  grayish-brown  to 
smoky-brown;  border  indefinite,  or  in  part  definite,  not  raised  or  slightly 
raised,  blackish-brown,  0.0-500/x,  Mycelium  internal,  more  or  less  ver- 
rucose,  hyaline  to  very  dilute  olivaceous,  l,5-3,5/i,  stromatic  mycelium 
olive-brown,  2.5 -6/x.  Conidiophores  amphigenous,  loosely  to  moderately 
tufted,  emerging  through  the  stomata,  underlate  with  a  more  or  less  bul- 
bose base,  arising  from  a  loose  to  somewhat  compact  stroma,  light  oliqe- 
brown,  20-55X3-4.5//,  1-4  septate,  conidial  scars  indistinct,  scattered, 
branched  monopodially  at  or  near  the  base,  less  frequently  above,  two  or 
more  branches  may  develop  on  a  single  conidiophore,  branches  well  de- 
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veloped,  producing  several  conidia.  Conidia  oblong-cylindrical  to  bacilli- 
form,  very  slightly  thickened  below,  greenish-yellow,  35-130X2-3.5X1.5- 
2/i,  2-8  septate. 

On  leaves  of  *Ruellia  ciliosa  Pursh. 

The  above  description  differs  from  the  original  in  recording  the  conidio- 
phores  as  being  amphigenous.  The  original  description  states  that  they  are 
hypophyllous. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  2477   (Emma,  Mo.). 

Cercospora  laieriiia  Ellis  and  Halsted,  Jour.  Myc,  4:  7,  1888.  On 
Sambucus  racemosa  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No. 
1994.    (type)  (Ames,  la.). 

Cercospora  lupini  Cooke,  Hedw.,  17:  39,  1878.  On  Lupinus  difusus 
Nutt.,  Ravenel,  Fungi  Amer.  Exs.,  No.  67  (Aiken,  S.  Car.). 

Section  XI 

Mycelium  internal,  conidiophores  with  alternate  and  opposite  branch- 
ing, stroma  composed  of  loosely  to  fairly  compactly  interwoven  hyphae,  or 
rarely  non-produced,  conidia  cylindrical. 

Cercospora  illinoensis  Bartholomew,  Fungi  Colunib.,  No.  2611,  1908. — 
Saccardo,  Syll.  Fung.,  22:  1428,  1913. 

Type  locality:  Farmington,  111.,  E.  Bartholomew,  No.  3696,  Sept.  18, 
1907 

Spots  indefinite,  conidiophores  effused  in  velvety,  olive-brown  to  Brussels 
brown  patches  below,  the  leaf  tissue  above  the  patches  becoming  yellowish 
to  brown  and  dotted  with  scattered  tufts  of  conidiophores,  the  latter  being 
especially  grouped  along  the  veins.  Mycelium  internal,  hyaline,  subhyaline 
to  Dresden  brown,  l-4.5-6)u,  stromatic  mycelium  up  to  7.5^-  Conidio- 
phores amphigenous,  loosely  to  moderately  tufted  below,  rather  densely 
tufted  above,  emerging  through  the  stomata  below,  rupturing  the  epidermis 
above,  straight  to  subflexuous,  more  or  less  geniculate,  arising  from  a  loose 
to  somewhat  compact  stroma,  Brussels  brown,  30-265X3-4.5//,  at  times 
up  to  6/i  towards  tips,  2-25  septate,  branched,  the  branches  irregularly 
alternate,  or  opposite  and  subtended  by  a  terminal  conidial  scar,  well  de- 
veloped, conidial  scars  distinct,  laterally  displaced  and  warty  or  shouldered, 
aggregated  towards  the  tips.  Conidia  oblong-cylindrical,  tapering  slightly, 
straight  or  somewhat  curved,  light  yellowish-olive,  Dresden  brown  to 
Front's  brown,  25-115X3.5-6X2. 5-5/i.  1-10-13  septate.   [Fig.  8.] 

On  leaves  of  *Asclepias  syriaca  L. 

Specimens  examined:  As  Cercospora  illinoensis  Barth.,  Bartholomew, 
Fungi  Columb.,  No.  2611  (type)  (Farmington,  111.). — Specimen  collected 
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at  Urbana,  111.,  Sept.  9,  1927  (culture  study).  As  Cercospora  clavata  (Gar.) 
Peck,  Bartholomew,  Fungi  Columb.,  No.  4006  (Ithaca,  N.  Y.).— Farlow, 
Reliquiae  Farlowianae,  No.  161  (Newton,  Mass.). 

Cercospora  fusco-virens  SdiCCQ-xdo,  Mich.,  2:149,  1880.  On  Passifiora 
lutea  L.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser.  II,  No.  3586  (Perry- 
ville  Mo.). 

Section  XII 

Mycelium  internal  and  external,  conidiophores  simple,  stroma  tuber- 
culate,  conidia  acicular-obclavate. 

Cercospora  helianthemi  Briosi  and  Carvara,  I  Funghi  Parass., 
No.  334,1900.  figs.  1-3.— Traverso,  Malpighia,  14:  478,  1900.— Lindau  in 
Rabenhorst's  Kryptogamen-Flora,  9:  120,1910. — Saccardo,  Syll.  Fung., 
22:  1414,  1913. 

Type  locality:  Pavia,  Italy,  Briosi  and  Cavara,  I  Funghi  Parass.,  No. 
334. 

Spots  amphigenous,  circular,  more  or  less  confluent,  greatly  hyper- 
trophied,  0.5-2  mm.,  brown  above,  becoming  grayish  centered,  below 
olivaceous;  border  definite  but  distinguishable  only  in  section,  raised. 
Mycelium  external  and  internal;  external  mycelium  regular  to  irregular, 
the  cells  frequently  of  irregular  outline,  hyaline  to  light  olivaceous,  1.5 
-7.5/i;  internal  mycelium  very  irregular,  hyaline  to  light  olivaceous  to 
yellowish-brown,  1 .5-5At,  stromatic  mycelium  4.5-6^.  Condiophores  amphi- 
genous, moderately  to  densely  tufted,  emerging  through  the  stomata,  more 
rarely  rupturing  the  epidermis,  or  sparsely  scattered  on  the  external  mycel- 
ium, straight  to  subflexuous,  or  somewhat  flexuous  towards  the  tips, 
arising  from  a  compact  tuberculate  stroma,  Brussels  brown,  25-215X4 
-6.5/x,  continuous  or  1-5  septate,  somewhat  branched,  the  branches  of 
monopodial  origin,  more  or  less  scalariform,  conidial  scars  distinct,  scattered 
or  somewhat  aggregated  at  various  points  on  the  conidiophores,  more  or 
less  shouldered.  Conidia  acicular,  hyaline,  25-160X 2.5-4X1. 5-2/i,  closely 
1-18  septate. 

On  leaves  of  Helianthemum  sp.  and  *H.  polifolium  DC.  var.  roseum  Wk. 

The  external  mycelium  of  this  fungus  is  rather  difficult  to  see.  Only 
with  the  use  of  the  oil  immersion  lens  is  it  clearly  brought  out.  The  branched 
conidiophores  may  also  quite  readily  be  overlooked. 

Specimens  examined:  Briosi  and  Cavara,  I  Funghi  Parass.,  No.  334 
(type)  (Pavia,  Italy). 

Cercospora  ilicis  Ellis,  Bull.  Torr.  Bot.  Club,  8:  65,  1881.  On  Ilex 
glabra  (L.)  Gray,  Ellis,  N.  Amer.  Fungi,  No.  548  (type).  (No  locality 
given.) 
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Section  XIII 

Mycelium  internal  and  external,  conidiophores  simple,  stroma  tuber- 
culate,  conidia  abruptly  obclavate. 

Cercospora  condensata  Ellis  and  Kellerman,  Jour.  Myc,  1:  2,  1885; 
Hedw.,  24:  127,  1885.— Ellis  and  Everhart,  Jour.  Myc,  2:  2,  1886.— Sac- 
cardo,  Syll.  Fung.,  4:  438,  1886.— Davis,  Trans.  Wis.  Acad.,  18:  267,  1916. 

Type  locality:  Manhattan,  Kans.,  W.  A.  Kellerman,  July  1884.  Pro- 
totype, Manhattan,  Kans.,  W.  A.  Kellerman,  Sept.  1884,  Ellis  and  Ever- 
hart, N.  Amer.  Fungi,  Sec.  Ser.,  No.  1518. 

Spots  amphigenous,  irregular,  vein-limited,  0.5-1.5  mm.,  dark  brown 
to  brown,  becoming  whitish  centered;  border  definite,  raised,  dark  brown, 
100-200/:.  Mycelium  external  and  internal;  external  mycelium  arising  from 
the  internal  and  emerging  through  the  stomata,  olivaceous,  3-6/i,  some- 
what irregularly  constricted  at  septa;  internal  mycelium  hyaline  to  yellow- 
ish, very  fine,  1-3/:;  stromatic  mycelium  olive-brown  to  blackish-brown, 
3-7.5/1.  Conidiophores  amphigenous,  densely  tufted  below,  much  more  so 
above,  emerging  through  the  stomata,  rupturing  the  epidermis,  or  scattered 
on  the  external  mycelium,  simple,  straight  to  subflexuous,  arising  from  a 
large  tuberculate  stroma,  olive-brown,  30-70 X4-6/i,  continuous,  or  1-2 
septate,  conidial  scars  minute,  distinct,  subdentate,  aggregated  towards 
the  tips.  Conidia  obclavate  to  narrowly  obclavate,  straight  or  somewhat 
curved,  olive-brown,  40-160X3-6X2-3/t,  6-15  septate,  at  times  slightly 
constricted  at  septa. 

On  leaves  of  *Gleditschia  triacanthos  L. 

In  the  specimen  distributed  in  Seymour  and  Earle,  Ec.  Fungi,  No.  121, 
the  conidiophores  had  apparently  had  two  distinct  periods  of  growth.  The 
portion  developed  in  the  second  period  was  practically  hyaline  as  compared 
with  the  fairly  deep  olive-brown  portion  previously  produced. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1518  (prototype)  (Manhattan  Kans.). — Seymour  and  Earle,  Ec. 
Fungi,  No  121  (Havana,  111.). 

Cercospora  petersii  (Berkeley  and  Curtis)  Atkinson,  Jour.  Elishu  Mitch. 
Sci.  Soc,  8:  57,  1891;  Ala.  Bull.,  80:  149,  1897.  Sub  Cercospora  smilacis 
Thlimen,  Peck,  ZZ  Kept.  N.  Y.  State  Mus.,  p.  29,  1880.  PI.  2,  figs.  1-3. 
— Ellis  and  Everhart,  Jour.  Myc,  1:  2)2>,  1885. — Davis,  Trans.  Wis.  Acad., 
21:  274,  1924.  Sub  Cercospora  smilacina  Sacc,  Overholts,  Ann.  Mo.  Bot. 
Gard.,  14:  429,  1927.     PI.  41. 

Syn.  Eelminthosporium  petersii  Berkeley  and  Curtis,  Grev.,  3:  102, 
1874.— Saccardo,  Syll.  Fung.,  4:  421,  1886. 

Type  locality:  Carolina,  Berkley,  N.  Amer.  Fungi,  No.  626. 
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Spots  amphigenous,  circular  to  somewhat  angular,  more  or  less  vein- 
limited,  at  times  confluent,  0.5-4  mm.,  reddish-brown,  purplish-brown  to 
blackish-brown;  border  definite,  raised,  dark  reddish-brown  to  black- 
ish-brown on  inner  margin,  light  brown  to  fairly  dark  brown  on  outer 
margin,  150-325/i,  leaf  tissue  surrounding  spot  generally  discolored.  Mycel- 
ium internal  and  external;  external  mycelium  verrucose,  olivaceous  to 
olive-brown,  1.5-4.5^;  internal  mycelium  very  irregular,  cells  irregularly 
inflated,  hyaline,  olivaceous,  to  olive-brown,  1.5-9^;  stromatic  mycelium 
Dresden  brown  to  olive-brown,  3-12/x.  Conidiophores  amphigenous  but 
mostly  hypophyllous,  coremioid,  moderately  to  somewhat  densely  tufted, 
rupturing  the  epidermis,  or  very  sparsely  scattered  on  the  external  mycel- 
ium, simple,  with  a  bulbose  base,  straight  for  about  two-thirds  their  length, 
distal  one-third  divergent  and  profusely  subflexuous  to  flexuous,  arising 
from  a  somewhat  loose  to  compact  tuberculate  stroma,  argus  brown, 
Dresden  brown.  Front's  brown  to  blackish-brown,  50-230X3-6)u,  1-8 
septate,  conidial  scars  small,  fairly  distinct,  somewhat  warty,  aggregated 
towards  tips.  Conidia  obclavate,  with  a  more  or  less  bulbose  tip,  olive- 
brown,  25-90X4-6 XI. 5-3. 5m,  continuous  or  1-7-11  septate, closely  septate 
towards  bases,  distantly  septate  towards  tips.    [Fig.  11.] 

On  leaves  of  *Stnilax  glauca  Walt.,  *5.  rotundifolia  L.,  *S.  sps,  S.  hispida 
Muhl.,  S.  tamnoides  Gray,  S.  laurifolia  L.,  and  Benzoin  aestivale  (L.)  Nees. 

Atkinson  lists  conidiophores  to  300/i  and  conidia  to  100;u. 

The  conidia  weregerminating  abundantly  onall  the  specimens  examined. 
Germination  was  mostly  from  the  basal  cell  although  quite  common  from 
the  other  cells  as  well.  Conidia  were  frequently  observed  anastomosing. 
At  times  the  conidia  germinated  producing  short  hyphae  which  in  turn 
produced   conidia. 

This  fungus  has  commonly  been  confused  with  C.  smilacis  Thiim.  and 
C.  smilacina  Sacc.  This  confusion  is  undoubtedly  due  to  Peck's  misin- 
terpretation of  C.  smilacis  Thiim.  and  his  description  and  drawings  based 
on  this  wTong  conception.  The  two  fungi  are  quite  distinct.  (See  C. 
smilacis  Thum.,  1.  c),  Saccardo  has  placed  Peck's  fungus  under  the  species 
C.  smilacina  Sacc.  It  is  also  distinct  from  the  latter  species  (1.  c). 

Specimens  examined:  As  Helminthosporium  peter sii  B.  and  C,  Ravenel, 
Fungi  Amer.  Exs.,  Nos.  166  and  616  (Aiken,  S.  Car.).  As  Cercospora 
smilacis  Thiim.,  Ellis  and  Everhart,  Fungi  Columb.,  No.  390  (Newfield, 
N.  J.).— Herb.  Univ.  of  111.,  No.  33002,  ex  Herb.  U.  S.  Dept.  Agric,  No. 
616  (Kanawaha  Falls,  W.  Va.).  As  C.  smilacina  Sacc,  Seymour  and  Earle, 
Ec.  Fungi,  No.  199  (Big  Stone  Gap,  Va.).— Herb.  Univ.  of  111.,  A.  B. 
Seymour,  Plainville,  Ct.  Aug.  27,  1883.  As  C.  mississippiensis  Tracy  and 
Earle,  Bartholomew,  Fungi  Columb.,  No.  2808  (Batesville,  Ark.). 
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Cercospora  gymnocladii  Ellis  and  Kellerman,  Bull.  Torr.  Bot.  Club, 
11:121,  1884.  On  Gymnocladus  dioica  (L.)  Koch,  Bartholomew,  Fungi 
Columb.,  No.  2212  (Grand  Island,  Neb.).  [Fig.  4.] 

Section  XIV 

Mycelium  internal  and  external,  conidiophores  simple,  stroma  tuber- 
culate,  conidia  cylindrical. 

Cercospora  acrocomiae  Stevenson,  Rep.  Ins.  Exp.  Sta.,  Porto  Rico, 
7:  89,1917. 

Type  locality:  Rio  Piedras,  Porto  Rico,  July  1914,  No.  2090;  Feb. 
1912,  (Johnston)   No.  4206;  July  1917,  No.  6604  (type). 

Spots  amphigenous,  few,  areas  between  spots  dying  out  so  as  to  make 
large,  continuous,  dead  areas,  circular  to  elliptical,  5-20  mm.  long  by  3-6 
mm.  broad,  rarely  wider,  at  first  reddish-brown,  then  tricolored,  a  central 
circular  to  elliptical  gray  area,  2-6X0.5-3  mm.,  enclosed  by  a  blackish-brown 
band  2-3  mm.  wide,  with  an  outer  more  or  less  irregular  reddish-brown 
to  brown  area,  often  not  completely  encircling  the  central  portions;  bor- 
der indefinite.  Mycelium  external  and  internal;  external  mycelium 
arising  from  the  internal  and  emerging  through  the  stomata,  irregular, 
olive-brown,  1.5-6/x;  internal  mycelium  irregular,  somewhat  verrucose, 
olive-brown,  darker  than  the  external  and  mostly  coarser,  2-9/x;  stromatic 
mycehum  dark  Dresden  brown  to  olive-brown,  2-9^.  Conidiophores  am- 
phigenous but  mostly  hypophyllous,  confined  to  the  central  gray  areas  of 
the  spots,  densely  tufted,  rupturing  the  epidermis,  simple,  straight  to 
subflexuous,  irregularly  inflated  or  constricted,  arising  from  a  large  tuber- 
culate  stroma,  Argus  brown,  enlarged  towards  the  tips,  i.e.,  tapering  from 
tips  towards  bases,  30-160X3-5^,  up  to  l.S/j,  at  tips,  2-9  septate,  conidial 
scars  indistinct.  Conidia  oblong  cylindrical,  straight,  curved  or  doubly 
curved,  Brussels  brown  to  Prout's  brown,  40-130X6-12X6-12^,  4-12 
closely  septate. 

On  leaves  of  *Acrocomia  media  Cook. 

Specimens  examined:  Herb.  Univ.  of  111.,  No.  4206a,  collected  by  John 
R.  Johnston,  Rio  Piedras.  Porto  Rico,  Feb,  14,  1912. 

Cercospora  silphii  Ellis  and  Everhart,  Jour.  Myc,  4:  3,  1888.  On 
Silphium  integrefolimn  Michx.,  Ellis  and  Everhart,  Fungi  Columb.,  No 
456  (Rockfort,  Kan.). 

Section  XV 

Mycelium  internal  and  external,  conidiophores  simple,  stroma  composed 
of  loosely  to  fairly  compactly  interwoven  hyphae,  or  rarely  none  produced, 
conidia  acicular-obclavate. 
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Cercospora  sorghi  Ellis  and  Everhart,  Jour.  Myc,  3:  15,  1887. — Sacc- 
ardo,  Syll.  Fung.,  10:  656,  1892.— Carver,  Proc.  la.  Acad.,  8:  165,  1900. 

Type  locality:  Plaquemines  Co.,  La.,  Aug.  1886.    Langlois,  No.  543. 

Leaves  at  first  stained  dark  purple,  in  strips  of  several  inches  in  extent, 
the  affected  part  becoming  dead  and  dry,  the  centers  of  the  strips  becoming 
grayish  brown,  the  edges  remaining  purple.  Mycelium  internal  and  ex- 
ternal; external  mycelium  very  regular,  subhyaline,  1.0-2.0m;  internal 
mycelium  very  irregular,  the  adjacent  cells  frequently  varying  considerably 
in  size  and  shape,  subhyaline  to  light  brown,  1-6. 5/^  Conidiophores  am- 
phigenous,  loosely  tufted,  emerging  through  the  stomata  or  very  rarely 
arising  from  the  external  mycelium,  simple,  straight  or  becoming  sub- 
flexuous  towards  the  tips,  arising  from  a  compact  stroma,  Dresden  brown, 
35-145X3. 2-5.0^1,  1-4  septate,  conidial  scars  distinct,  more  or  less  should- 
ered, mostly  grouped  on  the  upper  half  of  the  conidiophore.  Conidia 
acicular  or  somewhat  cylindrical  when  young,  subhyaline,  45-240X2 
-3.2X1-1. 5m,  somewhat  obscurely  5-20  septate. 

On  leaves  of  *Sorghum  halapense  (L.)  Pers.,  5.  vulgare  Pers.,  and 
Zea  mays  L. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec. 
Ser.,  No.  1768  (Point  a  la  Hache,  La.). 

Cercospora  rubi  Saccardo,  Nuovo  Giorn.  Bot.  Ital.,  8:  188,  1876.  On 
Rubus  trivialis  Michx.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1740  (St.  Gabial,  La.). 

Section  XVI 

Mycelium  internal  and  external,  conidiophores  simple, stroma  composed 
of  loosely  to  fairly  compactly  interwoven  hyphae,  or  rarely  none  produced, 
conidia  abruptly  obclavate. 

Cercospora  ampelopsidis  Peck,  Rept.  N.  Y.  State  Mus.,  30:  55,  1878. 
—Ellis  and  Everhart,  Jour.  Myc,  1:  55,  1885.— Saccardo,  Syll.  Fung.,  4: 
459,  1886.— Davis,  Trans.  Wis.  Acad.,  21:  289,  1924. 

Syn.  Cercospora  pustula  Cooke,  Grev.,  12:  30,  1883.  Saccardo,  Syll. 
Fung.,  4:  458,  1886. 

Type  locality:  Bethlehem,  N.  Y.,  C.  H.  Peck,  July. 

Spots  amphigenous,  circular  to  angular,  more  or  less  vein-limited, 
1-8  mm.,  at  first  blackish  to  reddish-black,  becoming  reddish-brown  to 
brown  above,  below  brown,  raw  umber,  Saccardo's  umber  to  olive-brown; 
border  indefinite  or  definite,  at  times  definite  above  and  indefinite  below, 
raised,  black  to  brownish-black  above,  dark  brown  below,  0.2-1  mm.,  the 
whole  frequently  surrounded  by  a  reddish  discolored  area.  Mycelium  in- 
ternal and  external;  external  mycelium  regular  to  irregular,  subhyaline  to 
dilute  raw  umber,  arising  from  the  internal  and  emerging  with  the  tufts  of 
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conidiophores,  0.8-3-4.5/i;  internal  mycelium  hyaline,  olivaceous  to  dilute 
raw  umber,  occasionally  producing  groups  of  beaded  cells,  1.5-4.5-6/*; 
stromatic  mycelium  olive-brown,  Dresden  brown  to  raw  umber,  3.5-7.5m- 
Conidiophores  amphigenous,  loosely  to  moderately  tufted,  emerging 
through  the  stomata  or  rupturing  the  epidermis,  simple,  or  rarely  irregularly 
branched,  straight  to  flexuous,  at  times  somewhat  undulate,  with  a  more 
or  less  bulbose  base,  arising  from  a  loose  to  compact  stroma,  Brussels 
brown,  Prout's  brown,  raw  umber  to  olive-brown,  35-215  X3-6/x,  2-10 
septate,  conidial  scars  laterally  displaced  and  somewhat  warty  to  denti- 
culate, or  at  times  shouldered.  Conidia  at  first  cylindrical,  then  abruptly 
obclavate,  straight  or  somewhat  curved,  olivaceous,  light  Dresden  brown 
to  raw  umber,  20-1 15 X 3-5-6.5 XI. 5-3/z,  1-7-15  septate,  distinctly  septate 
towards  bases,  somewhat  obscurely  septate  towards  tips. 

On  leaves  of  *Parthenocissus  sp.,  P.  quinquefolia  Planch.,  P.  quin- 
quefolia  Planch,  var.  hirsuta  Planch. 

The  specimen  distributed  in  Roumeguere,  Fungi  Sel.  Exs.,  No.  5589, 
had  no  fruiting  fungus  on  it.  The  spots  present  did  not  in  any  respect 
resemble  those  described  above. 

Specimens  examined:  As  Cercospora  am-pelopsidis  Peck,  Rabenhorst- 
Winter,  Fungi  Europaei,  Ser.  II,  No.  3291  (Bethlehem,  Pa.). — Seymour 
and  Earle,  Ec.  Fungi,  No.  7  (Urbana,  111.). — Ellis  and  Everhart,  N. 
Amer.  Fungi,  Sec.  Ser.,  No.  1748  (West  Chester,  Pa.).' — Bartholomew, 
Fungi  Columb.,  No.  3506  (London,  Canada). — Specimen  collected  at 
White  Heath,  111.,  July  23,  1927  (culture  study).  As  Cercospora  pustula 
Cooke,  Ravenel,  Fungi  Amer.  Exs.,  No.  779  (type)  (Darien,  Ga.). — 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  2474  (St.  Martinsville, 
La.). 

Cercospora  olivacea  (Berkeley  and  Ravenel)  Ellis,  Jour.  Myc,  1 : 
52,  1885.  On  Gleditschia  triacanthos  L.,  Rabenhorst-Winter,  Fungi  Eu- 
ropaei, Ser.  II,  No.  2974  (Fulton  Co.,  111.). 

Cercospora  thalictri  Thumen,  Cont.  Fl.  Mycol.  Lusit.,  p.  5,  1878. 
On  Thalictrum  Jlavum  L.,  Thumen,  Myc.  univ.,  No.  1470  (type)  (Coimbra, 
Portugal). 

Section  XVII 

Mycelium  internal  and  external,  conidiophores  with  alternate  branch- 
ing, stroma  tuberculate,  conidia  abruptly  obclavate. 

Cercospora  glomerata  Harkness,  Bull.  Calif.  Acad.  Sci.,  3:  164,  1885. — 
Kellerman,  Jour.  Myc,  1:106,  1885.— Saccardo,  Syll.  Fung.,  4:472, 
1886. 

Type   locality:  Tamalpais,    Calif.,   H.    W.    Harkness,    March,    1884, 
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No.  3651.  Prototype,  H.  W.  Harkness,  Tamalpais,  Calif.,  March,  1884, 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1641. 

Spots  amphigenous,  angular,  spreading  from  the  margin  of  the  leaf 
inward  or  originating  on  the  main  portion  of  blade,  1-17  mm.,  brown, 
becoming  grayish-brown,  the  lower  surface  dotted  with  black  punctiform 
tufts  of  conidiophores;  border  definite,  slightly  raised,  tan  colored,  or  brown 
of  a  darker  shade  than  that  of  the  main  spot.  Mycelium  external  and  in- 
ternal; external  mycelium  hyaline  to  Front's  brown,  the  colored  portion 
more  or  less  verrucose,  1.5-6/z;  internal  mycelium  subhyaline,  yellowish- 
green  to  Front's  brown,  1.5-4.5^t;  stromatic  mycelium  Front's  brown, 
2-6^.  Conidiophores  hypophyllous,  very  rarely  epiphyllous,  more  or  less 
confined  to  vein-limited  sectors  of  the  spots,  densely  tufted,  emerging 
through  the  stomata  and  later  rupturing  the  surrounding  epidermis, 
subflexuous  to  flexuous,  arising  from  a  large  structure  the  lower  part  of 
which  is  composed  of  a  tuberculate  stroma  above  which  is  a  long  broad 
body  made  up  of  somewhat  loosely  interwoven,  much  branched,  more 
or  less  parallel  hyphae,  Prout's  brown  to  Brussels  brown,  25-90X3-5.5//, 
2-8  closely  septate  towards  bases,  monopodially  branched,  the  branches 
irregularly  placed  but  mostly  near  the  bases,  at  times  short  and  again  long 
and  well  developed,  producing  several  conidia,  conidial  scars  more  or  less 
indistinct,  laterally  displaced  or  rarely  shouldered,  slightly  warty.  Con- 
idia obclavate,  abruptly  attenuated  but  only  slightly  so,  apical  cell  rounded, 
Dresden  brown,  25-77X4. 5-7. 5X3-4. 5^,  1-5-7  septate,  more  or  less 
constricted  at  septa. 

On  leaves  of  *Garrya  elliptica  Dougl. 

The  original  description  gives  the  diameter  of  the  conidia  as  10-12/u. 
In  the  specimens  examined,  both  collected  at  the  type  locality,  no  conidia 
were  observed  as  thick  as  this. 

Specimens  examined:  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser., 
No.  1641  (protot>T)e)  (Tamalpais,  Calif.). — Rabenhorst- Winter,  Fungi 
Europaei,  Ser.  II,  No.  3792  (Tamalpais,  Calif.). 

Section  XVIII 

Mycelium  internal  and  external,  conidiophores  with  alternate  branch- 
ing, stroma  composed  of  loosely  to  fairly  compactly  interwoven  hyphae, 
or  rarely  none  produced,  conidia  acicular-obclavate. 

Cercospora  sordida  Saccardo,  Mich.,  2:  149,  1880;  Fungi  Ital.,  PI. 
683,  1881;  Syll.  Fung.,  4:470,  1886.— Ellis  and  Everhart,  Jour.  Myc, 
1:  53,  1885.— Atkinson,  Jour.  Elishu  Mitch.  Sci.  Soc,  8:  63,  1891. 

Type  locality:  Georgia,  Ravenel. 

Spots  more  or  less  indefinite,  the  tufts  of  conidiophores  forming  olive- 
brown,  vein-limited  patches,  or  covering  the  whole  of  the  lower  surface  of 
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the  leaf,  the  upper  leaf  surface  above  the  patches  of  conidiophores  becoming 
j&rst  dark  green,  then  yellowish.  Mycelium  internal  and  external;  the 
external  mycelium  regular,  subhyaline  to  olivaceous,  arising  from  the 
conidiophores,  or  from  the  internal  mycelium  and  emerging  with  the  tufts 
of  conidiophores,  1.5-3  rarely  4.5/x;  internal  mycelium  hyaline,  subhyaline, 
olivaceous  or  yellowish-olive,  1.5-4.5-6//,  at  times  forming  dark  olive- 
brown  tuberculate  structures  near  the  upper  leaf  surface.  Conidiophores 
hypophyllous,  emerging  through  the  stomata,  or  effused  on  the  external 
mycelium,  loosely  tufted,  straight,  subflexuousorflexuous,  non-stromatic  or 
arising  from  a  very  small  stroma,  Dresden  brown  to  yellowish-olive, 
15-110X3-5/1,  at  times  somewhat  enlarged  towards  the  tips,  up  to  4.5-7.5/z, 
continuous  or  1-5  irregularly  septate,  at  times  somewhat  constricted, 
irregularly  branched,  the  branches  usually  well  developed,  conidial  scars 
indistinct,  rarely  shouldered.  Conidia  oblong-cylindrical  to  narrowly 
obclavate,  greenish-yellow,  olivaceous  to  Dresden  brown,  20-190X 3-4.5 X 
2-3. 5/i,  2-15  fairly  distinctly  septate,  at  times  slightly  constricted  at  septa. 

On  leaves  of  Tecoma  radicans  (L.)  Juss. 

Numerous  conidia  were  observed  germinating.  The  germ  tube  was  sent 
out  from  any  point  on  the  conidium  but  if  a  conidium  was  placed  over  or 
just  to  the  side  of  a  stoma  it  always  arose  from  the  point  closest  to  the 
stoma.  Occasionally  conidia  were  observed  to  germinate  and  produce 
conidiophores  directly. 

Cercospora  duplicata  Ellis  and  Everhart,  Jour.  Myc,  5:  70,  1889, 
has  not  been  seen.  It  is  quite  probable,  however,  that  it  is  the  epiphyllous 
expression  of  the  above  described  fungus. 

Specimens  examined:  Ellis,  N.  Amer.  Fungi,  No.  1247  (Newfield,  N. 
J.). — Bartholomew,  Fungi  Columb.,  Nos.  2315  (Louisville,  Kan.),  2812 
(Batesville,  Ark.),  4212  (Shreveport,  La.),  and  4514  (Spiro,  Okla.).— 
Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II,  No.  3794  (Perry ville,  Mo.). — 
Seymour  and  Earle,  Ec.  Fungi,  No.  146  (Starkville,  Miss.). 

Cercospora  acerina  Hartig,  Lehrb.  d.  Baumkrankh.,  p.  113,  1882. 
On  Acer  pseudoplatanus  Falk.,  Briosi  and  Cavara,  I  Funghi  Parass.,  No. 
296  (Vallombrosa,  Italy). 

Cercospora  lini  Ellis  and  Everhart,  Jour.  Myc,  3:  16,  1887.  On  Linum 
virginianum  L.,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1762 
(Faulkland,  Del.). 

Section  XIX 

Mycelium  internal  and  external,  conidiophores  with  alternate  branch- 
ing, stroma  composed  of  loosely  to  fairly  compactly  interwoven  hyphae, 
or  rarely  none  produced,  conidia  abruptly  obclavate. 
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Cercospora  ferruginea  Fuckel,  in  Fresenius,  Beitr.,  3:  93,  1863;  Hedw., 
2:  134,  1863;  3:  20,  1864;  Symb.  Myc,  1:  354,  1869;  2:  20,  1873.— Frank, 
Krankh.  d.  Pfl.,  p.  601,  1880.— Saccardo,  Fungi  Ital.,  PI.  655,  1881; 
Syll.  Fung.,  4:  444,  1886.— Grove,  Jour.  Bot.,  24:  204,1886.— Keissler, 
Ann.  Myc,  5:  233,1907. — Lindau  in  Rabenhorst's  Kryptogamen-Flora, 
9:  139,1910. 

Syn.  Eelminthosporiiim  absinthium  Peck,  30  Rept.  N.  Y.  State  Mus., 
p.  54,  1878.  pi.  2,  figs.  28-30. 
Cercospora  absinthii  (Peck)  Saccardo,  Syll.  Fung.,  4:  444,  1886.' — 
Davis,  Trans.  Wis.  Acad.,  18:  269,  1916. 

Type    locality:  Rhineland,    Fuckel. 

Spots  indefinite,  the  conidiophores  forming  effused  brown  patches  on  the 
lower  surface  of  the  leaf,  the  upper  leaf  surface  above  the  patches  be- 
coming somewhat  yellowish.  Mycelium  internal  and  external;  external 
mycelium  arising  from  the  internal  and  emerging  through  the  stomata, 
fine;  internal  mycelium  fine.  Conidiophores  hypophyllous,  rarely  epiphyl- 
lous,  loosely  to  moderately  tufted,  emerging  through  the  stomata,  or 
effused  on  the  external  mycelium,  fiexuous,  brown,  60-400 X4-6/x,  at 
times  somewhat  swollen  towards  the  tips,  1  to  several  septate,  mono- 
podially  branched,  branches  well  developed,  conidial  scars  fairly  distinct, 
laterally  displaced,  aggregated  towards  the  tips.  Conidia  abruptly  obcla- 
vate,  very  variable  in  size,  especially  in  thickness,  yellowish,  21-102X4- 
10m,  1-3-6  septate.  [Fig.  6.] 

On  leaves  of  *  Artemisia  vulgaris  L.,  *A.  absinthium  L.,  A.  japonica 
Thumb.,  A.  ludoviciana  Nutt.,  A.  suksdorfii  Piper,  and  A.  vulgaris  L. 
var.  "indica." 

The  conidia  of  this  species  are  quite  variable  in  size,  especially  in  thick- 
ness. Measurements  of  the  conidia  of  various  specimens  are  as  follows: 
24-102  X5-7m,  26-100X5-7/1,  25-88  X4-6m,  21-67  X6-8ai,  28-75X5-9//, 
28-78X7-10/1.    Keissler  reports  a  specimen  with  conidia  35-40X10-15/1. 

The  fungus  described  as  Helminthosporium  absinthium  by  Peck  and 
later  referred  to  Cercospora  by  Saccardo,  on  Artemisia  absinthium,  is 
undoubtedly  the  same  as  Cercospora  ferruginea  Fckl.  Peck's  species  appears 
to  have  been  based  on  young  material.  A  comparison  of  several  specimens 
of  the  two  revealed  no  differences.  C.  absinthii  (Peck)  Sacc,  therefore, 
becomes  a  synonym  of  C.ferrunginea  Fckl. 

The  fungi  referred  to  this  species  on  Teucrium,  Erigeron,  and  Ambrosia 
do  not  belong  here.  They  are  quite  distinct  and  do  not  appear  to  even  be 
closely  related. 

Specimens  examined:  As  Cercospora  ferruginea  Fckl.,  Rabenhorst, 
Fungi  Europaei,  Nos.  766  (Hostrichia),  1286  (Briinn,  Moravia),  and  2152 
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(Selva,  Treviso,  Italy).— Sydow,  Myc.  Ger.,  Nos.  1195  (Lohringen, 
Germany)  and  1775  (Brandenburg,  Germany). — Thumen,  Myc.  Univ., 
No.  286  (Selva,  Treviso,  Italy).  Cercospora  absinthii  (Pk.)  Sacc,  Ellis 
and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1770  (Newfield,  N.  J.); 
Fungi  Columb.,  No.  1363  (London,  Canada). 

Cercospora  concors  (Caspary)  Saccardo,  Syll.  Fung.,  4:  449,  1886. 
On  Solanum  tuberosum  L.,  Rabenhorst-Winter,  Fungi  Europaei,  Ser. 
II,  No.  3790  (Konigstein,  Germany). 

Cercospora  menispermi  Ellis  and  Holway,  Jour.  Myc,  4:  6,  1888. 
On  Menispermum  canadense  L.,  Ellis  and  Everhart,  Fungi  Columb., 
No.  596  (Nuttallburg,  W.  Va.). 

Cercospora  passaloroides  Winter,  Hedw.,  22:  71,  1883.  On  Amorpha 
canescens  Pursh,  Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1999 
(Manhattan,  Kan.). 

Section  XX 

Mycelium  internal  and  external,  conidiophores  with  alternate  branch- 
ing, stroma  composed  of  loosely  to  fairly  compactly  interwoven  hyphae, 
or  rarely  none  produced,  conidia  cylindrical. 

Cercospora  portoricensis  Earle,  Muhlenbergia,  1:  16,  1901. — Saccardo, 
Syll.  Fung.,  18:  609,  1906.— Stevens,  Trans.  111.  State  Acad.,  10:  212, 
1917. 

Syn.  Cercospora  piperis  Ellis  and  Everhart,  9th  Ann.  Rept.  Mo.  Bot. 
Gard,   p.  119,  1898.    Not  Patouillard. 

Cercospora  pipericola  Saccardo  and  Sydow,  Syll.  Fung.,  16:  1073, 
1902. 

Type  locality:  Cercospora  portoricensis  Earle,  Mayaguez,  Porto  Rico, 
Herb.  New  York  Bot.  Gard.,  No.  4359,  A.  A.  Heller.  Cercospora  piperis 
Ellis  and  Everhart,  Port  Morant,  Jamaica,  Herb.  Mo.  Bot.  Gard.,  No. 
22343,  A.  S.  Hitchcock. 

Spots  amphigenous,  irregular,  oblong,  or  subcircular,  vein-limited, 
more  or  less  confluent,  1-7  mm.,  greenish,  olive-brown,  rusty-brown, 
dark-brown  or  grayish-black  above,  similar  below  but  appearing  olivaceous 
due  to  abundance  of  conidiophores;  border  indefinite.  Mycelium  internal 
and  external;  external  mycelium  regular,  fine,  1.5-3/i,  subhyaline  to  light 
olivaceous,  arising  from  the  internal  mycelium  and  emerging  through 
the  stomata,  or  arising  from  the  conidiophores;  internal  mycelium  irregular, 
1.5-6/x,  hyaline,  subhyaline  to  light  olivaceous.    Conidiophores  hypophyl- 
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lous,  at  times  amphigenous,  loosely  to  somewhat  densely  tufted,  emerging 
through  the  stomata  or  scattered  on  the  external  mycelium,  straight 
to  subflexuous,  spreading,  non-stromatic  or  loosely  stromatic,  Dresden 
brown  to  olivaceous  to  fairly  dark  olive-brown,  15-125X3-5/^,  continuous 
or  irregularly  1-6  septate,  not  infrequently  with  adjacent  cells  of  unequal 
diameter,  branched,  the  branches  arising  from  any  point  on  the  conidio- 
phore,  mostly  at  right  angles  and,  when  more  than  one,  all  on  the  same  side; 
conidial  scars  indistinct.  Conidia  oblong-cylindrical  to  narrowly-obclavate, 
light  brownish-yellow  to  olivaceous,  25-120X 2.5-4-5 X 2-3. Sju,  at  first 
continuous,  later  somewhat  irregularly  1-10  septate,  guttulate.  [Fig.  13.] 

On  leaves  of  Piper  sps.,  *P.  aduncum  Auct.,  *P.  hispidum  Sw%,  *P. 
peltatum  L.,  and  *P.  umhellatum  L. 

Epiphyllous  conidiophores  were  rare  and  observed  only  on  P.  hispidum 
and  P.  peltatum. 

The  type  materials  of  C.  portoricensis  Earle  and  C.  piperis  Ell.  and  Ev. 
have  been  examined  and  compared.  No  essential  difference  exists  between 
the  two.  The  slight  differences  that  do  exist,  such  as  shades  of  color,  size 
of  conidia  and  conidiophores,  appear  to  be  due  to  differences  in  age  in  the 
specimens.  C.  piperis  Ell.  and  Ev.  is  based  on  very  young  material,  while 
C.  portoricensis  Earle  is  based  on  old  material.  Both  specimens  show  the 
same  type  of  external  and  internal  mycelium;  they  have  conidia  and  co- 
nidiophores structurally  alike  and  branched  in  the  same  manner.  C.  piperis 
Ell,  and  Ev.  must,  therefore,  drop  into  synonomy.  C.  portoricensis  Earle 
becomes  the  name  of  the  fungus,  since  C.  piperis  Pat.  antedates  C.  piperis 
Ell.  and  Ev.,  thus  invalidating  the  latter  name. 

Specimens  examined:  As  C.  piperis  Ell.  and  Ev.,  Herb.  Mo.  Bot. 
Card.,  No.  22343  (type)  (Port  Morant,  Jamaica)  (Courtesy  of  Mo.  Bot. 
Card.).  As  C.  portoricensis  Earle,  Herb.  N.  Y.  Bot.  Card.  No.  4359 
(type)  (Mayaguez,  Porto  Rico)  (Courtesy  of  N.  Y.  Bot.  Card.).— Herb. 
Univ.  of  III.,  J.  A.  Stevenson,  Nos.  3315  (Bayamon,  Porto  Rico)  and  2867 
(Rio  Piedras,  Porto  Rico);  Herb.  Univ.  of  111.,  Porto  Rican  Fungi,  Nos. 
7035  (Mayaguez),  9131  (Juana  Diaz),  146  (Caoma)  and  7133  (Porto 
Rico). 

Cercospora  agerati  Stevens,  Bull.  Bernice  P.  Bishop  Mus.,  19:  154, 
1925.  On  Ageratum  conyzoides  L.,  Herb.  Univ.  of  III.,  Hawaiian  Fungi, 
No.  944  (Kealakakua). 

Cercospora  amorphophalli  Hennings,  Hedw.,  41:  147,  1902.  On  Amor- 
phophallus  campanulatus  Blume.,  Herb.  Univ.  of  111.,  specimen  collected 
by  M.  B.  Raimundo,  Nov.  1,  1913,  Los  Bunos,  Philippine  Islands. 
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Section  XXI 

Mycelium  internal  and  external,  conidiophores  with  alternate  and 
opposite  branching,  stroma  composed  of  loosely  to  fairly  compactly  inter- 
woven hyphae,  or  rarely  none  produced,  conidia  cylindrical. 

Cercospora  loheliaecola  Solheim,  n.  name.  On  Lobelia  cardinalis  L., 
Ellis  and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1516  (Manhattan, 
Kan.). 

This  fungus  has  been  known  as  C.  efusa  (B.  &  C.)  Ell.  [  =  Cladosporium 
effusum  B.  &  C.].  The  specific  name  given  by  Berkeley  and  Curtis  rightly 
belongs  to  the  fungus  on  Polygonum  punctatum  described  by  these  authors. 
This  fungus  has  been  known  as  Cercospora  hydropiperis  (Thiim.)  Speg. 
It  is  now  referred  to  Didymaria  as  D.  efusa  (B.  &  C.)  Solheim,  n.  comb. 
(I.e.).  A  new  specific  name  is,  therefore,  necessary  for  the  fungus  on 
Lobelia  and  C.  loheliaecola  is  chosen. 

DIDYMARIA  (Corda)  emend.  Solheim 

Didymaria  Corda,  Icon.  Fung.,  5:  9,  1842;  Anleit.,  p.  32,  1842;  Icon. 
Fung.,  6:  8,  1854.— Saccardo,  Syll.  Fung.,  4:  184,  1886.— Massee,  British 
Fungus-Flora,  3:  340,  1893. — Schroeter  in  Cohn,  Krypt.  Flora  v.  Schlesien, 
3:  2:  484.  1897 — Lindau,  in  Engler  and  Prantl,  Nat.  Pflanzenfam.,  1:1: 
445,  1900  and  in  Rabenhorst's  Kryptogamen-Flora,  8:  377,  1907. 

ORIGINAL  DESCRIPTION 

"Flocci  entophyllini,  repentis,  continui,  sporis  acrogenis,  heterogenis, 
didymis,  dien  inspersis." 

EMENDED  DESCRIPTION 

Conidiophores  tufted,  emerging  through  the  stomata  or  rupturing  the 
epidermis,  simple  or  branched,  more  or  less  geniculate,  straight  or  flexuous, 
continuous  or  septate,  arising  from  a  loose  to  compact  or  tuberculate 
stroma,  hyaline  to  dark  brown.  Conidia  acrogenous,  at  times  appearing 
lateral  due  to  further  development  of  the  conidiophores,  clavate,  at  first 
continuous,  later  becoming  one  or  more  septate,  hyaline  to  dark  brown. 

The  type  species  is  Didymaria  didyma  (Unger)  Schroeter. 

Didymaria  didyma  (Unger)  Schroeter,  in  Cohn,  Krypt.  Flora  v. 
Schlesien  3:  2:  484,  (1897)  1908.— Lindau,  in  Rabenhorst's  Krypto- 
gamen-Flora, 8:  378,  1907.    2  figs. 

Syn.  Ramularia  didyma  Unger,  Exanth.,  p.  169,  1833.  PI.  II,  fig.  10. — 
Ellis  and  Everhart,  Jour.  Myc,  1:  81,  1885. 
Didymaria  tmgeri  Corda,  Anleit.,  p.  Iviii.  PI.  B.  9,  fig.  1,  1842. — 
Saccardo,  Fungi  Ital.,  PI.  969,  1881;  Syll.  Fung.,  4:  184,  1886.— 
Massee,  British  Fungus-Flora,  3:  340,  1893.  fig.  17,  p.  274. 
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Type  locality:  ? 

Spots  subcircular  to  angular,  vein-limited,  2-10  mm.,  at  first  dark 
blackish-brown,  becoming  lighter  with  one  or  more  concentrically  zoned 
areas  variously  placed  which  are  greenish,  greenish-brown  or  light  brown, 
the  zone  bands  are  raised  and  somewhat  darker  than  the  intervening 
spaces;  border  mostly  indefinite,  rarely  definite  and  then  slightly  raised 
and  blackish-brown.  (On  Anemone  virginiana  the  spots  are  brown  above 
and  light  yellowish  below,  there  is  no  concentric  zonation,  and  the  border 
is  indefinite.)  Mycelium  internal,  rarely  external;  external  mycelium 
emerging  through  the  stomata,  very  sparse,  hyaline  to  subhyaline,  1.5-2^t; 
internal  mycelium  subhyaline  to  dilute  greenish-yellow,  1.2-2.5^1.  Con- 
idiophores  hypophyllous,  rupturing  the  epidermis  (emerging  through  the 
stomata  on  Anemone  virginiana),  moderately  to  densely  tufted,  with  a 
slightly  bulbose  base,  simple,  or  rarely  branched,  straight  to  somewhat 
flexuous,  geniculate,  non-stromatic  to  very  loosely  stromatic,  hyaline  to 
dilute  yellowish,  30-125  X  3-4. 5ju,  1-2  septate,  conidial  scars  distinct, 
scattered.  Conidia  clavate,  hyaline  to  dilute  yellowish,  15-40X3-7.5 X 
4.5-11m,  at  first  continuous,  becoming  1-septate.  [Fig.  16.] 

On  leaves  of  ^Ranunculus  sp.,  *R.  repens  L.,  *R.  septentrionalis  Poir., 
R.  "acer,^^  R.  lanuginosus  L.,  R.  lingua  L.,  R.  nemorosus  DC,  R.  penn- 
sylvanicus  L.,  R.  polyanthemus  L.,  and  *  Anemone  virginiana  L. 

The  form  on  Anemone  virginiana  gave  spore  measurements  of  15-35X 
3-6X4.5-9/1,  whereas  the  forms  on  Ranunculus  sps.  measured  20-40X4.5  — 
7.5  X 7-1  Ifi.  The  conidial  scars  on  the  former  were  slightly  denticulate.  This 
was  not  noted  in  the  Ranunculus  specimens.  These  slight  differences  may 
or  may  not  be  significant.  The  host  reaction  differences  noted  in  the  de- 
scription do  not  appear  to  have  much  value  as  differentiation  characters. 
The  stomata  of  the  host  species  examined  are  different  enough  to  readily 
account  for  the  emergence  of  the  conidiophores  through  them  in  one  case 
and  the  rupturing  of  the  epidermis  in  the  other. 

Specimens  examined:  As  Didymaria  didynia  (Ung.)  Schroet.,  Sydow, 
Myc.  Ger.,  No.  1769  (Brandenburg,  Germany). — Kryptogamae  Exs., 
No.  1486  (Wurzbachtal,  Austria). — Migula,  Crypt.  Ger.,  Aust.,  et  Helv. 
Exs.,  No.  280  (Eisenach,  Thiiringia,  Germany).  As  D.  ungeri  Corda, 
Roumeguere,  Fungi  Gall.  Exs.,  No.  3487  (Fontainebleau,  France). — Ellis 
and  Everhart,  Fungi  Columb.,  No.  158  (London,  Canada).  As  Ramularia 
didyma  Ung.,  Thumen,'Myc.  Univ.,  No.  2076  (Carniolia;  Laibach). — Ellis 
and  Everhart,  N.  Amer.  Fungi,  Sec.  Ser.,  No.  1529  (Decorah,    Iowa). 

Didymaria  effusa  (Berkeley  and  Curtis)  Solheim,  n.  comb. 
Syn.  Cladosporium  efusum  Berkeley  and  Curtis,  Grev.  3:  106,  1875. 
Cercospora   polygonorum    Cooke,    Hedw.,    17:    39,    March,    1878. 
— Ellis  and  Everhart,  Jour.  Myc,  1:  52,  1885. 
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Cercospora  hydropiperis  (Thiimen)  Spegazzini,  Anal,  de  la  Soc.  Cien. 
Argentina,  Buenos  Aires,  9:  191,  1880. — Saccardo,  Syll.  Fung., 
4:  455,  1886.— Carver,  Proc.  la.  Acad.,  8:  164,  1900.— Keller- 
man,  Jour.  Myc.  8:  58,  1902;  Ohio  Fungi,  No.  65.^ — Spegazzini, 
Bol.  Acad.  Nac.  Cordoba,  23:  529,  1919. 
Helminthosporium  hydropiperis  Thiimen,   Myc.  Univ.,  No.   1087, 
1878. 
Type  locality:  Society  Hill,  S.  Carolina,  Ravenel,  Herb.  Royal  Botanic 
Garden,  Kew,  No.  3775. 

Spots  more  or  less  indefinite,  the  upper  surface  of  the  leaf  above  the  spots 
occupied  by  the  patches  of  conidiophores  at  first  becoming  pale  yellowish, 
later  dark-brown  to  reddish-brown,  below  yellowish  to  brown,  the  latter 
obscured  by  the  abundance  of  conidiophores  which  give  the  lower  surface 
of  the  leaf  an  olive-brown  to  Prout's  brown,  velvety  appearance,  the  patches 
at  first  subcircular,  then  coalescing  and  eventually  becoming  effused  over 
the  whole  lower  surface  of  the  leaf;  border  indefinite.  Mycelium  internal, 
irregular,  very  abundant,  subhyaline  to  olive-brown,  1.5-9/x,  stromatic 
mycelium  subhyaline  to  olive-brown,  3-6. 5^-  Conidiophores  amphigenous 
but  mostly  hypophyllous,  loosely  so  moderately  tufted,  densely  aggregated, 
straight,  somewhat  undulate,  simple  or  rarely  monopodially  branched, 
arising  from  a  loose  to  compact  or  even  tuberculate  stroma,  Prout's 
brown  to  Dresden  brown,  25-140 X3.5-5/X,  somewhat  enlarged  towards 
tips,  up  to  7.5/x,  continuous  or  1-10  septate,  conidial  scars  more  or  less 
indistinct,  scattered,  laterally  displaced,  occasionally  shouldered.  Conidia 
clavate,  straight  or  curved,  yellowish,  dilute  yellowish-brown  to  dilute 
Dresden  brown,  20-85  X 3-6 X4.5-9m,  at  first  continuous,  becoming  1-6-10 
somewhat  irregularly  septate.  [Fig.  15.] 

On  leaves  of  *Polygonum  acre  HBK.,  *P.  hydropiper  L.,  *P.  hydropiper- 
oides  Michx.,  P.  pennsylvanicum  L.,  and  P.  sp. 

Germination  of  several  conidia  w'as  observed.  This  occurred  most  fre- 
quently from  the  basal  and  apical  cells,  although  from  the  others  as  well. 
From  the  apical  cell  the  germ  tube  emerged  directly  from  the  tip  and  grew 
directly  away  from  it.  In  the  basal  cell  the  germ  tube  arose  either  at  the 
top  of  the  cell  and  then  grew  at  right  angles  to  it,  or  it  arose  just  next  to 
the  scar  of  attachment  and  then  curved  away  from  the  conidium  and  pro- 
ceeded parallel  to  it  but  in  the  opposite  direction. 

On  several  of  the  specimens  pycnidial  or  perithecial-like  bodies  were 
present  in  the  older  spots.  That  these  belong  to  the  fungus  in  question  is 
evident.  They  arose  from  the  same  mycelium  as  the  conidiophores,  and 
not  infrequently  tufts  of  conidiophores  originated  in  them,  either  from  the 
globose  portion  or  from  the  wall  surrounding  the  ostiole.  These  bodies  are 
globose,  ostiolate,  dark  olive-brown,  and  measure  25-70;U  in  diameter. 
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The  type  specimen,  Cladosporium  efusum  B.  and  C,  Kew,  No.  3775, 
has  been  examined.  In  this  specimen  most  of  the  mature  conidia  have  fallen 
off.  A  few,  however,  were  present,  showing  this  specimen  to  be  the  same 
in  all  respects  as  the  type  specimens  and  others  recorded  under  the  syn- 
onymy listed  above. 

Specimens  examined:  As  Cladosporium  efusum  B.  and  C,  Herb.  Royal 
Botanic  Garden,  Kew.,  No.  3775  (type),  courtesy  of  the  Royal  Botanic 
Garden,  Kew)  (Society  Hill,  S.  Car.).  As  Helminthosporium  hydropiperis 
Thiim.,  Thumen,  Myc.  Univ.,  No.  1087  (type)  (Aiken,  S.  Car.).  As 
Cercospora  hydropiperis  (Thiim.)  Speg.,  Roumeguere,  Fungi  Gall.  Exs., 
No.  3994  (Jersey  City,  N.  J.).— Ellis  and  Everhart,  Fungi  Columb., 
No.  391  (Port  Byron,  111.).— Bartholomew,  Fungi  Columb.,  Nos.  2311 
(London,  Canada);  2707  (Loup  City,  Neb.);  and  3208  (Luray,  Va.). — 
Kellerman,  Ohio  Fungi,  No.  65  (Columbus,  Ohio).  As  C.  polygonorum 
Cooke,  Ravenel,  Fungi  Amer.  Exs.,  No.  66  (type)  (Aiken,  S.  Car,). — 
Rabenhorst- Winter,  Fungi  Europaei,  Ser.  II,  Nos.  3289a  (Perryville, 
Mo.)  and  3289b  (Cobden,  111.). — Seymour  and  Earle,  Ec.  Fungi,  Nos. 
370a  (Millstone,  N.  J.)  and  370b  (Meriden,  Ct.).— Ellis,  N.  Amer.  Fungi, 
No.  549  (Delaware  Co.,  Pa.). 
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HOST  INDEX 


Acalypha  gracilens  Gray 

Cercospora  acalyphae  Peck 
Acalypha  ostryaefolia  Riddel 

Cercospora  acalyphae  Peck 
Acalypha  virginica  L. 

Cercospora  acalyphae  Peck 
Acer  pseudoplatanus  Falk. 

Cercospora  acerina  Hart. 
Acnida  cannabina  L. 

Cercospora  acnidae  Ell.  &  Ev. 
Acrocomia  media  Cook 

Cercospora  acrocomiae  Stevenson 
Ageratum  conyzoides  L. 

Cercospora  agerati  Stev. 
Alisma  plantago-aquatica  L. 

Cercospora  alisnaatis  Ell.  &  Holw. 
Alternanthera  achyrantha  R.  Br. 

Cercospora  alternantherae  Ell.  &  Lang. 
Alternanthera  portoricensis  Kuntze 

Cercospora  alternantherae  Ell.  &  Lang. 
Amorpha  canescens  Pursh 

Cercospora  passaloroides  Wint. 
Amorphophallus  companulatus  Blume 

Cercospora  amorphophali  Henn. 
Anemone  virginiana  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Apios  tuberosa  Moench. 

Cercospora  tuberosa  Ell.  &  Kell. 
Apium  graveolens  L. 

Cercospora  apii  Fresen. 
Apium  graveolens  rapaceum  DC. 

Cercospora  apii  Fresen. 
Arachis  hypogaea  L. 

Cercospora  personata  (B.  &  C.)  Ell. 
Arctium  lappa  L. 

Cercospora  arctii  Stev. 
Artemisia  absinthium  L. 

Cercospora  ferruginea  Fckl. 
Artemisia  japonica  Thunb. 

Cercospora  ferruginea  Fckl. 
Artemisia  ludoviciana  Nutt. 

Cercospora  ferruginia  Fckl. 
Artemisia  suksdorfii  Piper 

Cercospora  ferruginea  Fckl. 


Artemisia  vulgaris  L. 

Cercospora  ferruginea  Fckl. 
Artemisia  vulgaris  L.  var.  indica 

Cercospora  ferruginea  Fckl. 
Asclepias  incarnata  L. 

Cercospora  clavata  (Ger.)  Peck 
Asclepias  syriaca  L. 

Cercospora  illinoensis  Earth. 
Benzoin  aestivale  (L.)  Nees 

Cercospora  petersii  (B.  &  C.)  Atk. 
Beta  vulgaris  L. 

Cercospora  beticola  Sacc. 
Bidens  sp. 

Cercospora  umbrata  Ell.  &  Holw. 
Bupleurum  tenuissimum  L. 

Cercospora  bupleuri  Pass. 
Cassia  marilandica  L. 

Cercospora  simulata  Ell.  &  Ev. 
Cassia  occidentalis  L. 

Cercospora  occidentalis  Cooke 
Cercis  canadensis  L. 

Cercospora  cercidicola  Ell. 
Cercis  japonica  Sieb. 

Cercospora  cercidicola  Ell. 
Cercis  occidentalis  Torr. 

Cercospora  cercidicola  Ell. 
Chenopodium  album  L. 

Cercospora  dubia  (Riess)  Wint. 
Clematis  virginiana  L. 

Cercospora  squalidula  Peck 
Crotalaria  sagittalis  L. 

Cercospora  demetrioniana  Wint. 
Daucus  carota  L. 

Cercospora  carotae  (Pass.)  Solheim 
Desmanthus  illinoensis  (Michx.)  MacM. 

Cercospora  desmanthi  Ell.  &  Kell. 
Desmodiura  sp. 

Cercospora  desmodii  Ell.  &  Kell. 
Echinocystis  lobata  (Michx.)  T.  &  G. 

Cercospora  echinocystis  Ell.  &  Mart. 
Erigeron  sp. 

Cercospora  cana  Sacc. 
Erigeron  annuus  (L.)  Pers. 

Cercospora  cana  Sacc. 
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Erigeron  canadensis  L. 

Cercospora  cana  Sacc. 
Erigeron  philadelphicus  L. 
Cercospora  cana  Sacc. 
Erigeron  ramosus  (Walt.)  BSP. 

Cercospora  cana  Sacc. 
Euonymus  japonicus  L. 

Cercospora  destructiva  Rav. 
Eupatorium  album  L. 

Cercospora  ageratoides  Ell.  &  Ev. 
Eupatorium  rotundifolium  L. 

Cercospora  ageratoides  Ell.  &  Ev. 
Eupatorium  urticaefolium  L. 

Cercospora  ageratoides  Ell.  &  Ev. 
Ficus  carica  L. 

Cercospora  boUeana  (Thiim.)  Speg. 
Fraxinus  sp.? 

Cercospora  superflua  Ell.  &  Holw, 
Fraxinus  excelsior  L. 

Cercospora  fraxini  (DC.)  Sacc. 
Garrya  elliptica  Dougl. 

Cercospora  glomerata  Hark. 
Gaultheria  procumbens  L. 

Cercospora  gaultheriae  Ell.  &  Ev. 
Gleditschia  triacanthos  L. 

Cercospora  condensata  Ell.  &  Kell. 
Cercospora  olivacea  (B.  &  Rav.)  Ell. 
Gymnocladus  dioica  (L.)  Koch 

Cercospora  gymnocladii  Ell.  &  Kell. 
Helianthemum  sp. 

Cercospora  helianthami  Br.  &  Cav. 
Helianthemum  polifolium  roseum  WiUk. 
Cercospora  helianthemi  Br.  &  Cav. 
Heuchera  sp. 

Cercospora  heucherae  Ell.  &  Mart 
Heuchera  americana  L. 

Cercospora  heucherae  Ell.  &  Mart. 
Ilex  glabra  (L.)  Gray 

Cercospora  ilicis  Ell. 
Impatiens  noli-tangere  L. 

Cercospora  campi-silii  Speg. 
Ipomoea  hederacea  L. 

Cercospora  ipomoeae  Wint. 
Ipomoea  lacunosa  L. 

Cercospora  ipomoeae  Wint. 
Ipomoea  pandurata  C.  F.  W.  May 

Cercospora  ipomoeae  Wint. 
Ipomoea  purpurea  Lam. 

Cercospora  ipomoeae  Wint. 
Leucospermum  conocarpum  R.  Br. 

Cercospora  protearum  Cooke 
Linum  virginianum  L. 


Cercospora  lini  Ell.  &  Ev. 
Lippia  lanceolata  Michx. 

Cercospora  lippiae  Ell.  &  Ev. 
Lippia  nodiflora  Michx. 

Cercospora  lippiae  Ell.  &  Ev. 
Lobelia  cardinalis  L. 

Cercospora  lobeliaecola  Solheim 
Lupinus  diffusus  Nutt. 

Cercospora  lupini  Cooke 
Lysimachia  stricta  Ait. 

Cercospora  lysimachiae  Ell.  &  Hal. 
Magnolia  glauca  L. 

Cercospora  magnoliae  Ell.  &  Hark. 
Maianthemum  convallaria  Web. 

Cercospora  maianthemi  Fckl. 
Malva  rotundifolia  L. 

Cercospora  malvarum  Sacc. 
Melilotus  alba  Desr. 

Cercospora  davisii  Ell.  &  Ev. 
Menispermum  canadense  L. 

Cercospora  meninspermi  Ell.  &  Holw. 
Osmorrhiza  longistylis  (Torr.)  DC. 

Cercospora  osmorrhizae  Ell.  &  Ev. 
Parthenocissus  sp. 

Cercospora  ampelopsidis  Peck 
Parthenocissus  quinquefolia  Planch. 

Cercospora  ampelopsidis  Peck 
Parthenocissus  quinquefolia  hirsuta  Planch. 

Cercospora  ampelopsidis  Peck 
Passiflora  lutea  L. 

Cercospora  fusco-virens  Sacc. 
Pastinaca  sativa  L. 

Cercospora  pastinacae  (Sacc.)  Peck 
Cercospora  pastinacina  Solheim 
Petroselinum  hortense  Hoffin. 

Cercospora  petroselini  Sacc. 
Phaseolus  sp. 

Cercospora  cruenta  Sacc. 
Phaseolus  lunatus  L. 

Cercospora  canescens  Ell.  &  Mart. 
Philadelphus  corona  rius  L. 

Cercospora  angulata  Wint. 
Physalis  virginiana  Mill. 

Cercospora  physalidis  Ell. 
Piper  sp. 

Cercospora  portoricensis  Earle 
Piper  aduncum  L. 

Cercospora  portoricensis  Earle 
Piper  hispidum  Sw. 

Cercospora  portoricensis  Earle 
Piper  peltatum  L. 

Cercospora  portoricensis  Earle 
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Piper  umbellatum  L. 

Cercospora  portoricensis  Earle 
Platanus  occidentalis  L. 

Cercospora  platanicola  Ell.  &  Ev. 
Polygonum  sp. 

Didymaria  effusa  (B.  &  C.)  Solheim 
Polygonum  acre  HBK. 

Didymaria  effusa  (B.  &  C.)  Solheim 
Polygonum  hydropiper  L. 

Didymaria  effusa  (B.  &  C.)  Solheim 
Polygonum  hydropiperoides  Michx. 

Didymaria  effusa  (B.  &  C.)  Solheim 
Polygonum  pennsylvanicum  L. 

Didymaria  effusa  (B.  &  C.)  Solheim 
Prunus  virginiana  L. 

Cercospora  cerasella  Sacc. 
Ranunculus  sp. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  "acer" 

Didymaria  did3mia  (Ung.)  Schroet. 
Ranunculus  lanuginosus  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  lingua  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  nemorosus  DC. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  pennsylvanicus  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  polyanthemus  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  repens  L. 

Didymaria  didyma  (Ung.)  Schroet. 
Ranunculus  septentrionalis  Poir 

Didymaria  didyma  (Ung.)  Schroet. 
Raphanus  sativus  L. 

Cercospora  atrogrisea  Ell.  &  Ev. 
Reseda  odorata  L. 

Cercospora  resedae  Fckl. 
Rhus  sp. 

Cercospora  rhoina  Cooke  &  Ell. 
Rhus  canadensis  Marsh. 

Cercospora  rhoina  Cooke  &  Ell. 
Rhus  copallina  L. 

Cercospora  rhoina  Cooke  &  Ell. 
Rhus  glabra  L. 

Cercospora  rhoina  Cooke  &  Ell. 
Rhus  pumila  Michx. 

Cercospora  rhoina  Cooke  &  Ell. 
Rhus  toxicodendron  L. 

Cercospora  rhoina  Cooke  &  Ell. 
Cercospora  toaxicodendri  Ell. 
Rhus  typhina  L, 


Cercospora  rhoina  Cooke  &  Ell. 
Rhus  vernix  L. 

Cercospora  rhoina  Cooke  &  Ell. 
Ribes  sanguineum  Pursh 

Cercospora  ribicola  Ell.  &  Ev. 
Rosa  blanda  Ait. 

Cercospora  rosaecola  Pass. 
Rosa  canina  L. 

Cercospora  hypophylla  Cav. 
Rubus  trivialis  Michx. 

Cercospora  rubi  Sacc. 
RueUia  ciliosa  Pursh 

Cercospora  consociata  Wint. 
Sagittaria  latifolia  Willd. 

Cercospora  sagittariae  Ell.  &  Kell. 
Sambucus  nigra  L. 

Cercospora  depazeoides  (Desm.)  Sacc. 

Cercospora  ticinensis  Br.  &  Cav. 
Sambucus  racemosa  L. 

Cercospora  lateritia  Ell.  &  Hal. 
Sicyos  angulatus  L. 

Cercospora  echinocystis  Ell.  &  Mart. 
Silphium  integrefolium  Michx. 

Cercospora  silphii  Ell.  &  Ev. 
Smilax  sp. 

Cercospora  petersii  (B.  &  C.)  Atk. 
Smilax  aspera  L. 

Cercospora  smilacina  Sacc. 
Smilax  glauca  Walt. 

Cercospora  petersii  (B.  &  C.)  Atk. 
Smilax  hispida  Muhl. 

Cercospora  petersii  (B.  &  C.)  Atk. 
Smilax  laurifolia  L. 

Cercospora  petersii  (B.  &  C.)  Atk. 
Smilax  mauritanica  L. 

Cercospora  smilacis  Thiim. 
Smilax  rotundifolia  L. 

Cercospora  petersii  (B.  &  C.)  Atk. 
Smilax  tamnoides  Gray  (5th  ed.  of  Man.) 

Cercospora  petersii  (B.  &  C.)  Atk. 
Solanum  tuberosum  L. 

Cercospora  concors  (Casp.)  Sacc. 
Solidago  sp. 

Cercospora  cana  Sacc. 
SoUdago  canadensis  L. 

Cercospora  cana  Sacc. 
Sorghum  halapense  (L.)  Pers. 

Cercospora  sorghi  Ell.  &  Ev. 
Sorghum  vulgare  Pers. 

Cercospora  sorghi  Ell.  &  Ev. 
Tecoma  radicans  Juss. 

Cercospora  sordida  Sacc. 
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Teucrium  canadense  L. 

Cercospora  teucrii  Ell.  &  Kell. 
Thalictrum  flavum  L. 

Cercospora  thalictri  Thum. 
Tilia  europaea  L. 

Cercospora  microsora  Sacc. 

Trigonella  foenum-graceum  L. 
Cercospora  radiata  Fckl. 

Vemonia  baldwinii  Torr. 

Cercospora  oculata  Ell.  &  Kell. 
Cercospora  vernoniae  Ell.  &  Kell. 


Vicia  faba  L. 

Cercospora  zonata  Wint. 
Viola  cucuUata  Ait. 

Cercospora  granulifonnis  Ell.  &  Holw. 
Viola  tricolor  L. 

Cercospora  violae-tricoloris  Br.  &  Cav. 
Vitis  sp. 

Cercospora  viticola  (Ces.)  Sacc. 
Zea  mays  L. 

Cercospora  sorghi  El.  &  Ev. 
Zinnia  pauciflora  L. 

Cercospora  zinniae  Ell.  &  Mart. 
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SPECIES  INDEX 

(Synonymous  names  are  in  italics.) 

The  genus  is  Cercospora  unless  otherwise  designated. 


absinthii  (Peck)  Sacc,  61,  62 

ahsinthium  Peck,  Helminlhosporium,  61 

acalyphae  Peck,  10,  12,  16,  31 

acerina  Hart.,  60 

acnidae  Ell.  &  Ev.,  32 

acromiae  Stevenson,  56 

agerati  Stev..  63 

ageratoides  Ell.  &  Ev.,  32 

aUsmatis  Ell.  &  Ev.,  32 

altemantherae  Ell.  &  Lang.,  33 

althaeina  Sacc,  12 

amorphophali  Henn.,  63 

ampelopsidis  Peck,  13,  15,  57,  58 

angulata  Wint.,  38 

apii  Fresen.,  7,  10,  12,  15,  16,  17,  25,  34.  35, 

44,  45,  46 
apii  Fresen.  var.  carotae  Pass.,  43 
apii  Fresen.  var.  pastinacae  Sacc,  44,  45 
apii  Fresen.  var.  petroselini  Sacc,  40 
arctii  Stev.,  38 
atrogrisea  Ell.  &  Ev.,  35 

beticola  Sacc,  12,  16,  17,  22,  23,  39 
boUeana  (Thum.)  Speg.,  12,  17,  41 
brassicae  (Berk.)  Sacc,  Alternaria,  19 
brunkii  Ell.  &  Galw.,  12 
bupleuri  Pass.,  30 

campi-silii  Speg.,  46 

cana  Sacc,  42,  43 

cana  (Sacc.)  Sacc,  Cercosporella,  42,  43 

canescens  Ell.  &  Mart.,  39 

canum  Pass.,  Fusidium,  42,  43 

carica  Stev.  &  Hall,  CoUetotrichum,  19 

carotae  (Pass.)  Solheim,  11,  43 

catenospora  Atk.,  12 

caulicola  Wint.,  16 

cercidicola  Ell.,  10,  11,  12,  23,  47 

cercidicola  Ell.  var.  coremioides  Tehon,  47 

ceraseUa  Sacc,  17,  41 

clavata  (Ger.)  Peck.,  39,  53 

clavatum  (Ger.)  Cooke,  Virgasporium,  7 

coffeicola  Berk  &  Cooke,  16 

concors  (Casp.)  Sacc,  12,  62 

condensata  EU.  &  KeU.,  10,  54 

condensata  EU.  &  KeU.  var.  desmautki  EU. 

&  KeU.,  29 
consociata  Wint.,  51 
copallina  Cooke,  49,  50 
cruetna  Sacc,  39 

davisii  Ell.  &  Ev.,  35 
demetrioniana  Wint.,  36 


depazeoides  (Desm.)  Sacc,  39 

desmanthi  EU.  &  KeU.,  29 

desmodii  EU.  &  KeU.,  41 

destructiva  Rav.,  31 

didyma  (Ung.)  Schroet.,  Didymaria,  20,  64, 

65 
didyma  Ung.,  Ramidaria,  20,  64,  65 
dubia  (Riess)  Wint.,  46 
dupUcata  EU.  &  Ev.,  60 

echinocystis  Ell.  &  Mart.,  36,  37 

effusa  (B.  &  C.)  SoUieim,  Didymaria,  20,  64, 

65 
effusum  B.  &  C,  Cladosporium  65,  67 
effiisa  (B.  &  C.)  EU.,  64 

ferruginea  FcU.,  10,  11, 12,  23,  61 

fraxini  (DC.)  Sacc,  29 

fructi  Stev.  &  Hall,  Volutella,  18 

fusca  Rand,  12 

fusco-virens  Sacc,  53 

gaultheriae,  EU.  &  Ev.,  28 
glaticescens  Wint.,  30 
glomerata  Hark.,  58 
granuUformis  EU.  &  Holw.,  46 
gymnocladii  Ell.  &  KeU.,  56 

heUanthemi  Bri.  &  Cav.,  53 
heucherae  EU.  &  Mart.,  48 
hydropiperis  (Thiim.)  Speg.,  64,  66,  67 
hydropiperis  Thiim.,  Helminthosporium,  66, 

67 
hypophyUa  Cav.,  31 

iUcis  EU.,  53 

iUinoensis  Barth.,  12, 13,  14, 15,  19,  23,  52,  53 

ipomoeae  Wint.,  37 

lateritia  Ell.  &  Hal.,  52 

lini  EU.  &  Ev.,  60 

lippiae  EU.  &  Ev.,  38 

lobeliaecola  Solheim,  64 

lupini  Cooke,  52 

lysimachiae  EU.  &  Hals.,  27 

lythracearum  Heald  &  WoU,  12,  16,  17 

maculata  WUld.,  Medicago,  16 
macidatum  Cooke,  Virgasporium,  7 
magnoliae  EU.  &  Hark.,  40 
maianthemi  Fckl.,  46 
mal varum  Sacc,  39 
medicaginis  EU.  &  Ev.,  12,  16,  17 
menispermi  EU.  &  Holw.,  62 
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microsora  Sacc,  12,  17,  39 
vtississippiensis  Tracy  &  Earle,  55 

niger,  van  Tieg.,  Aspergillus,  18 

occiden talis  Cooke,  28 
oculata  Ell.  &  Kell.,  39 
olivacea  (B.  &  R.)  EU.,  58 
osmorrhizae  Ell.  &  Ev.,  47 

passaloroides  Wint.,  62 

pastinacae  (Sacc.)  Peck,  12,  44,  45,  46 

pastinacae  Karst.,  Cercosporella,  45 

pastinacina  Solheim,  45, 46 

personata  (B.  &  C.)  EU.,  12,  17,  29 

petersii  (B.  &  C.)  Atk.,  10,  11,  28,  48,  51,  54 

pdersii  B.  &  C,  Hehninthosporium,  54,  55 

petroselini  Sacc,  40 

physalidis  EU.,  39 

pi  per  kola  Sacc.  &  Syd.,  62 

pi  peris  EU.  &  Ev.,  62,  63 

piperis  Pat.,  63 

platanicola  EU.  &  Ev.,  31 

polygonorum  Cooke,  65,  67 

portoricensis  Earle,  10,  11,  62,  63 

protearum  Cooke,  31 

pusUla  Ung.,  Ramularia,  20 

pustula  Cooke,  57,  58 

radiata  Fckl.,  39 

radicicola  WolL,  Fusarium,  18 

resedae  Fckl.,  39 


rhoina  Cooke  &  EU.,  49,  50 
ribicola  Ell.  &  Ev.,  50 
rosaecola  Pass.,  41 
rubi  Sacc, 57 

sagittariae  EU.  &  KeU.,  39 

silphii  EU.  &  Ev.,  56 

simulataEU.  &Ev.,41 

smilacina  Sacc,  10,  12,  27,  28,  54,  55 

smilacis  Thiim.,  16,  28,  50,  51,  54,  55 

sordida  Sacc,  16,  59 

sorghi  EU.  &  Ev.,  57 

squalidula  Peck,  39 

superflua  EU.  &  Holw.,  41 

teucrii  EU.  &  KeU.,  39 
thalictri  Thiim.,  58 
ticinensis  Br.  &  Cav.,  28 
toxicodendri  EU.,  47 
tuberosa  Ell.  &  KeU.,  10,  30 
tulasnei  Sacc,  Ramularia,  20 

umbrata  Ell.  &  Holw.,  42 

ungeri  Corda,  Didymaria  20,  64,  65 

vernoniae  EU.  &  KeU.,  28 
violae-tricoloris  Br.  &  Cav.,  40 
viticola  (Ces.)  Sacc,  29 

zinniae  EU.  &  Mart.,  28 
zonata  Wint.,  29 


List  op  New  Names  and  New  Combinations 

Cercospora  carotae  (Passerini)  Solheim,  n.  sp 43 

Cercospora  pastinacina  Solheim,  n.  name  and  n.  comb 45 

Cercospora  lobeliaecola  Solheim,  n .  name 64 

Didymaria  (Corda)  emend.  Solheim 64 

Didymaria  effusa  (Berkeley  and  Curtis)  Solheim,  n.  comb 65 
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PLATE  I 
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EXPLANATION  OF  PLATE  I 
Fig.  L  Cercospora  apii  Fresen.,  conidiophores  simple,  loosely  stromatic;  conidia  acicular  to 

acicular-obclavate. 
Fig.  2.  Cercospora  acalyphae  Peck,  conidiophores  simple,  loosely  stromatic;  conidia  acicular. 
Fig.  3.  Cercospora  aUhaeina  Sacc,  conidiophores  simple;  conidia  cylindrical. 
Fig.  4.  Cercospora  gymnodadii  Ell.  &  Kell.,  conidiophores  simple;  conidia  abruptly  obclavate. 
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PLATE  II 
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EXPLANATION  OF  PLATE  II 
Fig.  5.  Cercospora  cercidicola  Ell.,  conidiophores  coremioid,  with  opposite  branching,  loosely 

stroma  tic;  conidia  abruptly  obclavate. 
Fie.  6.  Cercospora  fenuginea  Fckl.,  conidiophores  with  alternatebr  anching,  non-stromatic; 

conidia  abruptly  obclavate. 
Fig.  7.  Cercospora  resedae  Fckl.,  conidiophores  simple;  conidia  acicular. 
Fig.  8.  Cercospora  illinoensis  Earth.,  conidiophores  with  opposite  and  alternate  branching, 

substromatic;  conidia  cylindrical. 
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PLATE  III 
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EXPLANATION  OF  PLATE  III 
Fig.  9.  Cercospora  smilacis  Thiim.,  conidiophores  with  alternate  branching,  arising  from  a 

tuberculate  stroma;  conidia  cylindrical. 
Fig.  10.  Cercospora  smilacina  Sacc,  conidiophores  simple,  arising  from  a  tuberculate  stroma; 

conidia  acicular-obclavate. 
Fig.  n.  Cercospora  pelersii  (B.  &  C.)  Atk.,  conidiophores  simple,  more  or  less  coremioid, 

arising  from  a  tuberculate  stroma;  conidia  abruptly  obclavate. 
Fig.  12.  Cercospora  tuherosa  Ell.  &  Kell.,  conidiophores  simple,  arising  from  a  tuberculate 

stroma;  conidia  cylindrical. 
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PLATE  IV 
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EXPLANATION  OF  PLATE  IV 
Fig.  13.  Cercospora  porloricensis  Earle,  external  myceUum  arising  from  the  conidiophores; 

conidiophores  with  alternate  branching,  arising  from  the  internal  mycelium  or  effused  on 

the  external  mycelium;  conidia  cylindrical. 
Fig.  14.  Cercospora  pasiinacae  (Sacc.)  Peck,  conidiophores  simple,  substromatic;  conidia 

fusiform. 
Fig.  15.  Didymaria  effusa  (B.  &  C.)  Solheim,  conidiophores  simple;  conidia  clavate. 
Fig.  16.  Didymaria  didyma  (Ung.)  Schroet.,  conidiophores  simple,  substromatic;  conidia 

clavate. 
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INTRODUCTION 

The  larvae  of  the  superfamily  Scarabaeoidea  are  commonly  called 
white  grubs  or  grubworms.  Forbes,  writing  in  1891  on  insects  of  this 
group  in  relation  to  their  life  histories,  said  that  "it  is  necessary  that  the 
observer  should  learn  to  distinguish  species  of  these  insects  in  the  grub  and 
larval  stage."  Among  the  numerous  genera,  the  species  of  which  are  usually 
more  readily  recognized  in  the  adult  form,  there  are  many  species  that  are 
almost  indistinguishable  from  one  another  in  the  larval  stage.  To  identify 
them  it  is  usually  necessary  to  rear  the  specimens.  This  requires  a  long 
period  of  time  and  often  involves  dangers  of  loss  from  one  cause  or  another 
during  the  period  of  rearing.  In  a  number  of  groups,  especially  in  the  sub- 
family Melolonthinae,  the  life-cycle  covers  a  period  of  from  two  to  three 
years,  and  in  northern  latitudes  even  four  years.  Such  a  long  larval  stage 
makes  rearing  difficult.  Moreover,  since  the  larval  life  is  spent  under  the 
surface  of  the  soil,  it  is  difficult  to  maintain  rearing  conditions  as  near  nor- 
mal as  necessary.  Not  only  do  the  representatives  of  the  various  sub- 
families differ  in  length  of  life  in  various  localities,  but  they  may  exhibit 
wide  degrees  of  variance  even  in  the  same  localities. 

Rapid  strides  have  been  made  in  our  knowledge  of  the  life  histories 
of  these  insects  within  the  last  twelve  years  (1917-29),  and  it  is  becoming 
increasingly  more  important,  as  we  survey  the  great  differences  exhibited, 
that  we  be  able  to  recognize  the  larval  forms.  As  with  all  other  groups 
of  insects,  our  knowledge  of  the  developmental  stages  lags  behind  our 
knowledge  of  the  adults.  This  is  especially  true  in  the  fields  of  morphology 
and  taxonomy  and  to  a  lesser  extent  in  the  field  of  biology.  Prior  to  the 
studies  by  Davis  and  others,  which  have  materially  increased  our  knowl- 
edge of  the  group,  most  of  our  knowledge  of  the  biology  of  these  insects 
has  been  based  on  fragmentary  accounts  scattered  in  the  literature.  The 
present  work  deals  with  morphological,  taxonomic,  and  biological  studies  of 
the  various  species  of  white  grubs.  The  morphological  studies  have  aided 
materially  in  constructing  the  diagnostic  keys  to  the  various  genera  which 
are  included.  Life-history  studies  made  by  the  writer,  some  of  which  have, 
in  part,  appeared  in  different  publications,  are  here  brought  together  and 
briefly  summarized  to  make  the  present  work  as  nearly  a  complete  unit  as 
possible. 
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Economic  Importance 

Of  the  four  families,  Passalidae,  Lucanidae,  Scarabaeidae,  and  Trogidae, 
comprising  the  superfamily  Scarabaeoidea  (or  Lamellicornia),  the  family 
Scarabaeidae  is  the  best  known  and  most  important.  The  others  have  only 
slight  economic  importance. 

The  family  Passalidae,  which  inhabits  decaying  wood,  is  represented 
in  tropical  forests  by  numerous  species  but  in  North  America  by  only 
one  species,  Passalus  cornutus  Fab.  Some  species  of  this  family  are  of 
biological  interest  because  of  a  certain  degree  of  social  organization  ascribed 
to  them,  the  adults  being  known  to  attend  the  larvae  and  care  for  them 
throughout  their  period  of  development  to  maturity.  The  adults  chew  the 
woody  food  and  prepare  it  before  feeding  it  to  the  larvae.  The  hastening 
of  decay  in  rotten  logs  can  be  said  to  be  a  beneficial  phase  exhibited  by  this 
group  of  insects. 

The  Lucanidae,  or  stag-beetles,  exhibit  wide  sexual  differences  in  the 
adult  stage.  Their  larvae,  like  the  Passalidae,  live  in  rotten  logs  or  roots. 
About  300  species  of  Lucanidae  occur  throughout  the  world,  but  only  30 
species  are  recorded  by  Leng  (1920)  from  North  America.  Aside  from  their 
biological  interest,  the  unique  stridulation  structures  of  the  larvae  and 
the  benefits  incurred  from  the  hastening  of  decay,  the  family  can  be  con- 
sidered of  little  importance. 

The  family  Trogidae  is  one  of  our  newer  families,  having  recently 
been  raised  to  its  present  position  from  subfamily  rank  in  the  Scarabaeidae. 
Of  the  genera  occurring  in  North  America,  the  genus  Trox  is  the  most 
important.  The  larvae  of  Trox  are  scavengers  and  are  usually  found  in 
dried,  decomposing,  animal  matter  or  on  the  soil  under  such  matter. 
Little  is  known  of  their  life  history. 

The  Scarabaeidae  in  the  adult  stages  are  known  as  chafers.  May 
beetles,  June  bugs,  dung  beetles,  and  dor  beetles.  They  constitute  a  large 
family  with  about  14,000  species  known  from  all  parts  of  the  world.  The 
family  is  divided  into  two  categories,  or  groups,  the  Laparosticti  and  the 
Pleurosticti.  The  Laparosticti  are,  for  the  most  part,  coprophagous  in 
habits.  The  Coprinae,  Aphodinae,  and  Geotrupinae  are  the  better  known 
subfamilies  with  coprophagous  habits.  A  few  of  the  Coprinae  are  known  to 
be  myrmecophilous  and  live  as  symphiles  in  the  nests  of  ants.  The  copro- 
phagus  habit  is,  by  far,  the  most  important.  The  group  Pleurosticti  contains 
a  large  number  of  important  economic  insects.  These  occur  in  four  sub- 
families: the  Melolonthinae,  the  Rutelinae,  the  Dynastinae,  and  the 
Cetoniinae. 

The  larvae  of  the  subfamilies  here  considered  are  recognized  in  many 
parts  of  the  world  as  pests  of  planted  crops  and  are  almost  universally 
known  as  "white  grubs."  One  of  the  most  notorious  members  of  the  group 
is   the   European   "Hanneton,"   Melolontha   melolontha,   which   has   been 
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known  for  over  a  century  as  a  destructive  enemy  of  the  roots  of  crops. 
It  belongs  to  the  subfamily  Melolonthinae,  to  which  our  common  American 
species  of  May  beetles,  or  June  bugs,  are  assigned.  Certain  species  of 
Phyllophaga  (Lachnosterna),  both  adults  and  larvae,  are  perhaps  the 
most  destructive  members  of  the  family  in  North  America,  and  their 
injury  is  too  well  known  to  require  extended  discussion. 

In  some  of  the  states  west  of  the  Mississippi  the  greatest  loss  from 
white  grubs  occurs  where  the  larvae  of  P.  lanceolata  (Say)  attack  the 
roots  of  wheat  and  often  destroy  thousands  of  acres  in  a  single  season. 
Considering  the  country  as  a  whole,  most  of  the  principal  crops  as  well 
as  native  prairie  pastures,  meadows,  and  lawns  have  suffered  injury  from 
various  species.  In  some  localities  gardens  suffer.  Potatoes  especially 
have  paid  a  heavy  toll  in  the  last  few  years.  Strawberry  beds  have  been 
the  object  of  regular  attacks,  and  ornamentals  of  all  kinds,  particularly 
those  recently  set  out,  have  been  seriously  damaged.  Many  lawns  have  been 
killed  by  the  grubs,  and  serious  loss  has  occurred  in  the  bluegrass  pastures. 
According  to  Davis  (1918),  alfalfa  is  usually  considered  free  from  injury, 
but  it  has  been  found  damaged  in  a  number  of  localities.  In  attacking  this 
crop,  the  grub  enters  the  tap-root  an  inch  or  two  below  the  surface  of  the 
soil,  excavates  a  cavity,  and  burrows  upward  and  downward  in  much  the 
same  manner  as  some  of  the  root-boring  insects. 

Among  the  Rutelinae,  two  species,  Pelidnota  punctata  L.  and  Cotalpa 
lanigera  (L.)  are  notably  injurious  in  the  United  States.  The  damage  caused 
by  the  spotted  grapeleaf  beetle,  Pelidnota  punctata,  to  the  foliage  of  grapes 
during  some  years  attracts  considerable  attention,  but  the  larvae,  living 
in  rotten  wood,  such  as  logs  and  old  stumps,  can  be  regarded  as  beneficial 
because  their  activities  in  these  situations  hasten  decay.  The  goldsmith 
beetle,  Cotalpa  lanigera,  has  been  reported  by  Davis  (1916)  as  ranking 
next  in  importance  to  the  species  of  Phyllophaga.  He  says  that  the  grubs 
in  Michigan  are  destructive  to  raspberry  bushes,  strawberries,  corn,  and 
grass.  Other  native  species  of  Rutelinae  treated  here  are  not  of  so  much 
economic  importance,  but  Anomala  innuha  at  times  becomes  numerous. 
The  beetles  of  this  species  do  some  damage  to  the  kernels  of  growing  wheat, 
which  they  attack  while  "in  the  milk,"  and  the  grubs  feed  on  the  roots  of 
various  plants.  Two  important  imported  members  of  this  subfamily  are  the 
Japanese  beetle,  Popilliajaponica  Newm.,  and  the  Asiatic  beetle,  Anomala 
orientalis  (Waterhouse). 

Among  the  representatives  of  the  Dynastinae  dealt  with  herein, 
Ligyrodes  relictus  Say  is  not  known  to  be  a  crop  pest,  but  a  near  relative, 
Ligyrus  gibbosus  DeGeer,  is  an  important  enemy  of  carrots  and  domesti- 
cated sunflower  crops,  and  is  known  as  the  carrot  beetle. 

The  best  known  American  species  of  the  Cetoniinae  are  the  bumble 
flower  beetle.  Euphoria  inda  L.,  and  the  green  June  beetle,  also  called  the 
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fig  eater,  Cotinis  (Allorhina)  nitida  L.  The  bumble  flower  beetle  is  a  some- 
what general  feeder,  being  found  upon  flowers,  eating  the  pollen,  and  upon 
corn  stalks  where  it  feeds  on  the  green  cob  by  sucking  the  juices.  It  also 
occurs  on  peaches,  grapes,  and  apples,  and  occasionally  its  injury  becomes 
serious.  The  larva  is  not  known  to  cause  damage.  The  green  June  beetle, 
on  the  other  hand,  is  a  pest  in  the  grub  stage,  feeding  upon  the  roots  of 
grasses  and  often  doing  immense  damage  to  tobacco  plantings,  lawns,  and 
golf  courses  (Chittenden  and  Fink,  1922).  Two  species  of  Euphoria, 
E.  sepulchralis  Fab.  and  E.  fulgida  Fab.,  are  neither  of  great  importance 
economically.  They  feed  in  the  adult  stage  on  the  pollen  and  nectar  of 
flowers.  The  beetles  of  E.  sepulchralis  feed  on  the  tips  of  ears  of  corn, 
making  way  for  further  injury  by  the  green  June  beetle,  Cotinis  nitida. 
The  species  of  Osmoderma  pass  their  developmental  periods  in  decaying 
wood,  as  do  also  the  larvae  of  Trichiotinus  (Trichius),  and  are  only  of 
minor  significance. 

Historical  Review 

Some  members  of  the  families  Scarabaeidae  and  Lucanidae  have  been 
known  from  ancient  times.  The  Romans  frequently  hung  the  mandibles  of 
Lucanus  on  the  necks  of  children  or  wore  them  in  the  form  of  armulets  to 
ward  off  disease.  In  Germany,  Lucanus  was  known  as  the  "fire-starter" 
because  it  was  said  to  carry  live  coals  into  houses  with  its  pinchers,  thereby 
starting  conflagrations.  The  people  would  often  cooperate  in  their  efforts 
to  drive  them  away.  The  sacred  beetle  of  Egypt  has  made  the  family 
Scarabaeidae  renowned,  and  many  interesting  tales  and  superstitions  have 
been  connected  with  it.  These  myths  and  legends  are  too  numerous  to  be 
discussed  here  and,  except  for  historical  value,  are  irrelevant  in  a  work  of 
this  nature. 

The  meaning  and  origin  of  the  word  Scarabaeus  is  clouded  in  doubt 
and  uncertainty.  Papis,  a  grammarian  of  the  eleventh  century,  says  the 
word  comes  from  cabus  or  caballus,  meaning  horse,  because  the  insects 
according  to  the  ideas  of  the  times  were  thought  to  be  born  from  the 
cadaver  of  a  horse.  Bochart  derives  the  word  from  chaphas,  which  signifies 
an  excavator,  in  view  of  the  characteristic  action  of  coprophagous  species. 
Fabricius  derives  it  from  the  Greek  to  dig,  and  MacLeay  from  the  Greek 
to  scratch  or  scrape.  Mulsant,  Martini,  and  others  accept  Aristotle's 
interpretation,  which  derives  it  from  a  Greek  word  signifying  an  insect  that 
is  unknown  to  us. 

The  first  splitting  of  the  group,  as  defined  by  Linnaeus,  occurred  when 
Scopoli  (1763)  separated  the  genus  Lucanus  from  Scarabaeus.  Fabricius, 
Olivier,  and  others  followed  with  many  new  genera,  until  ultimately  the 
two  groups  represented  by  Scarabaeus  and  Lucanus  were  elevated  to  family 
rank  under  the  superordinal  appellation  Lamellicornia,  a  term  which  was 
first  used  either  by  Lamark  (1817)  or  Latreille  (1817).     According  to 
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Burmeister,  it  is  not  known  which  of  the  two  was  the  originator  of  the  term, 
but  it  is  generally  attributed  to  Latreille,  to  whom  is  also  credited  the  origin 
of  our  modern  conception  of  the  family  group.  The  termination  -idae  was 
for  the  first  time  generalized  in  entomology  by  MacLeay  in  1819.  Leng 
(1920)  in  his  recent  check  list  of  North  American  Coleoptera  considers  the 
Lamellicornia  under  the  superorder  Scarabaeoidea,  recognizing  three 
families,  Scarabaeidae,  Lucanidae,  and  Passalidae.  The  recent  supplement 
to  Leng's  list,  by  Leng  and  Mutchler  (1927),  considers  the  subfamily 
Troginae  as  of  family  rank,  so  that  as  now  constituted  there  are  four 
recognized  North  American  families,  namely,  Scarabaeidae,  Lucanidae, 
Passalidae,  and  Trogidae. 

There  have  been  several  European  attempts  to  work  out  the  classifica- 
tion of  larval  stages  of  the  Scarabaeoidea.  The  anatomical  descriptions  of 
individual  species  are  fairly  numerous  in  scattered  foreign  works,  but  the 
problem  in  America  has  been  given  little  attention.  Until  recently  there  has 
been  no  attempt  at  a  general  classification,  and  isolated  descriptions  are 
scarce  and  in  many  instances  inadequate. 

Taxonomic  Literature 

A  study  of  the  distinguishing  characters  of  American  lamellicorn 
larvae  has  been  a  long-felt  need.  Moreover,  their  economic  importance 
makes  such  a  study  of  extreme  value.  It  is  highly  desirous  to  be  able  to 
recognize  the  different  genera  at  least,  and,  when  possible,  the  species 
belonging  to  the  genera,  Forbes  (1894)  in  his  Eighteenth  Report  (p.  97) 
stated  that  "life-histories  are  not  sufficiently  different  to  make  discrim- 
ination of  species  a  matter  of  practical  importance,  and  for  economic  pur- 
poses, consequently,  the  white  grubs  may  usually  be  classed  as  one."  A 
little  later  in  the  same  report  (footnote,  p.  105),  in  speaking  of  the  verifi- 
cation of  life-histories,  he  says  "it  is  necessary  that  the  observer  should 
learn  to  distinguish  species  or  at  least  groups  of  species  of  these  insects  in 
the  grub  and  larval  stage."  Forbes  then  pointed  out  differences  between 
Ochrosidia  (Cyclocephala)  and  PhyUophaga  {Lachnosterna)  grubs.  The 
latter  genus  was  divided  into  three  groups:  the  hirticula-rugosa,  Jiisca- 
inversa,  and  gibbosa  (now  fit t His)  group.  Except  for  the  work  of  Forbes  and 
scattered  isolated  descriptions,  no  attempt  was  made  in  this  country  to 
characterize  the  various  groups  of  the  family  until  Boving  (1921)  published 
a  short  key  dealing  with  several  allied  genera  of  the  green  Japanese  beetle 
(Popilliajaponica),  which  is  based  in  part  on  the  work  of  Schiodte  (1874). 
This  generic  key  indicated  the  distinguishing  characters  of  one  European 
and  five  American  genera. 

In  contrast  to  the  work  done  in  America  on  this  group,  a  number 
of  European  papers  are  available  which,  although  dealing  with  but  few 
genera  occurring  in  this  country,  are  of  value  in  a  study  of  this  nature. 
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Chapuis  and  Candeze  (1855,  p.  452)  noted  that  the  habits  and  metamor- 
phosis of  no  group  of  European  beetle  larvae  were  as  well  known  as  the 
lamellicorns.  The  first  to  attempt  a  classification  of  these  larvae  was 
DeHaan  (1836),  who  used  both  external  and  internal  characters  to  dis- 
tinguish eight  genera.  DeHann  made  use  of  the  malpighian  tubules,  and 
in  his  work  the  drawings  of  the  alimentary  canal  are  especially  good.  The 
next  attempt  at  classification  was  made  by  Mulsant  (1842),  who  compiled  a 
key  based  on  external  characters  alone.  The  same  year  (1842)  Burmeister 
published  in  a  large  measure  the  groupings  of  DeHann.  Erichson  (1848) 
presented  a  study  of  the  group  and  used  an  arrangement  of  the  families, 
which  we  now  recognize  as  subfamilies.  Erichson's  key  is  also  found  in  the 
catalogue  of  coleopterous  larvae  in  which  Chapuis  and  Candeze  in  1855 
brought  together  the  references  to  descriptions  of  larvae  known  at  that 
time.  Schiodte's  classical  work  on  the  larvae  of  Coleoptera  appeared  in 
1874  in  several  parts,  of  which  Part  VIII  deals  with  the  lamellicorn  larvae. 
The  drawings  in  this  work  are  indeed  excellent.  Three  years  later  Ferris 
(1877)  published  his  well-known  work  which  contains  the  most  complete 
key  to  genera  that  we  have.  He  added  many  new  descriptions  of  lamellicorn 
larvae.  Recently  Ritterschaus  (1927)  has  described  somewhat  completely 
the  morphological  details  of  Anomala  aenea  Geer  and  Phyllopertha  hordeola 
L.  This  work  is  perhaps  the  first  to  give  any  detailed  consideration  to  the 
epipharynx  of  white  grubs.  More  will  be  said  concerning  this  work  later. 
A  recent  paper  by  the  writer  (1928)  on  the  epipharynx  of  the  larvae  contains 
a  preliminary  generic  key,  including  a  few  species,  based  in  great  part  n 
characters  of  the  epipharynx.  This  key  with  corrections,  additions,  and 
emendations  is  used  in  the  present  work  as  a  basis  of  generic  distinction. 

Biological  and  Ecological  Literature 

In  America  the  life-cycles  of  the  Lucanidae  and  Passalidae  are  little 
known  and  not  thoroughly  worked  out.  The  Trogidae  are  as  yet  untouched. 
The  economic  species  of  the  Scarabaeidae  have,  in  recent  years,  become 
better  known,  although  scarcely  anything  has  been  done  on  the  copropha- 
gous  forms.  Previous  to  1916,  our  knowledge  of  the  life-cycles  of  the 
American  species  of  Phyllophaga  was  confined  to  the  work  of  Chittenden 
(1899)  who  reared  a  single  specimen  of  P.fervida  (arcuata)  and  to  those  of 
Davis  (1913)  who  reported  a  two-year  life-cycle  for  P.  tristis.  In  1916, 
Davis  discussed  the  length  of  life  of  18  species  of  the  genus,  but  did  not 
determine  the  length  of  the  various  stages.  This  work  is  of  great  importance 
to  our  knowledge  of  the  group.  Smyth  (1917)  published  the  results  of  life- 
history  studies  of  certain  Porto  Rican  species  of  Phyllophaga,  in  which 
our  first  account  is  available  concerning  the  length  of  the  various  instars. 

The  writer  has  from  time  to  time  published  life-history  studies  of  various 
species  of  the  family.   The  life-cycle  of  P.  lanceolata  was  noted  as  having  a 
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two-year  period  of  development  with  quite  varied  habits  from  the  majority 
of  species  of  Phyllophaga.  In  another  paper  (1920)  seven  species, /w/i/w, 
rubiginosa,  vehemens,  crassissima,  rugosa,  implicata,  and  subtnucida  of  the 
same  genus  were  reported  as  having  a  two-year  or  a  three-year  life-cycle. 
This  was  followed  by  a  more  comprehensive  report  (1925)  of  the  studies 
made  on  ten  other  species  of  Phyllophaga  and  some  other  members  of  the 
family  belonging  to  different  subfamilies.  Along  with  these  were  recorded 
data  on  the  development  of  three  species  of  Rutelinae,  one  Dynastinae, 
and  two  Cetoniinae.  In  the  present  work  these  studies  will  be  brought  to- 
gether for  the  purpose  of  comparison. 

In  the  subfamily  Rutelinae  the  species  of  the  tribe  Anomalini  require 
one  year  for  completion  of  their  life-cycle.  Anomala  binotata  and  A.  innuba 
were  found  by  the  writer  (1918  and  1925)  to  have  a  one-year  period.  The 
same  time  is  required  for  Strigoderma  arboricola  (Hayes,  1921).  The 
Oriental  Anomala  and  the  Japanese  beetle  are  likewise  known  to  have  a 
one-year  life-cycle.  In  the  tribe  Rutelini,  of  the  subfamily  Rutelinae,  the 
life-history  is  longer.  It  has  been  shown  (Hayes,  1925)  that  Pelidnota 
punctata  requires  two  years  to  mature  and  Cotalpa  lanigera  needs  either 
two  or  three  years. 

All  the  species  of  the  Dynastinae  so  far  studied  by  the  writer  and  by 
others  require  but  a  single  year  to  develop,  with  the  exception  of  Strategus 
quadrifoviatus  (Smyth,  1916)  which  requires  more  than  one  year  but 
considerably  less  than  two  years.  The  species  of  the  subfamily  Cetoniinae, 
as  far  as  known,  usually  occupy  one  year  in  the  completion  of  growth. 
Cotimis  nitida  requires  one  year  (Chittenden  and  Fink,  1922)  while  the 
writer  (1925)  recorded  the  same  length  of  life  for  Euphoria  fulgida  and  E. 
sepulchralis. 

Materials  and  Methods 

The  methods  of  study  for  the  data  herein  reported  are  of  two  distinct 
types,  biological  and  morphological.  The  biological  end  of  the  problem 
demanded  rearing  methods  which  enabled  the  handling  of  the  immature 
stages  over  a  long  period  of  time;  while  the  morphological  studies,  made 
primarily  for  taxonomic  results,  required  the  collection  and  preservation  of 
definitely  known  larvae  and  some  slight  laboratory  technique. 

On  account  of  their  subterranean  habits  and  long  period  of  develop- 
ment, white  grubs  are  difficult  to  rear  to  the  adult  stage.  The  difficulty 
arises  not  only  from  their  prolonged  life-cycle,  but  also  because  of  the  many 
parasitic  fungi  and  other  diseases  attacking  the  grubs  while  being  reared 
under  artificial  conditions.  In  order  to  be  sure  of  having  some  specimens 
mature,  it  was  necessary  to  handle  large  numbers  of  eggs  and  larvae; 
and  in  order  to  study  molting,  it  was  necessary  to  keep  them  isolated. 
Davis  (1915)  and  Smyth  (1917)  have  devised  methods  of  rearing  white 
grubs  and  May  beetles,  and  suggestions  of  these  two  writers  were  fol- 
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lowed  in  this  work.     These  methods  with  some  others  are  here  briefly 
summarized. 

To  procure  eggs  it  was  only  necessary  to  confine  the  beetles  over  a 
few  inches  of  damp,  well-packed  soil.  Any  sort  of  cage  could  be  used,  but 
most  of  them  were  one-gallon  tins,  half-filled  with  moist  earth,  the  tops 
being  perforated.  The  leaves  of  various  trees  were  frequently  supplied  for 
food  by  merely  placing  them  on  the  surface  of  the  soil.  The  earth  was  sifted 
or  carefully  gone  over  for  eggs  every  second  day.  It  was  found  that  disturb- 
ing the  soil  every  day  produced  a  tendency  for  the  beetles  to  lay  fewer  eggs. 
The  eggs  were  transferred  to  individual  cavities  in  closely  packed,  damp- 
ened soil  in  one-ounce  or  two-once  tin  salve  boxes,  where  they  were  kept 
until  hatched.  From  25  to  50  eggs  can  be  cared  for  in  each  box  in  this 
manner.  Upon  hatching,  each  grub  was  placed  in  a  one-once  salve  box 
where  it  was  kept  until  it  matured  or  died.  These  salve  boxes,  at  times 
numbering  over  5,000,  were  kept  in  the  rearing  cave  described  by  McCol- 
loch  (1917)  in  which  there  was  a  nearly  constant  temperature,  and  thus  the 
grubs  were  not  subjected  to  the  daily  fluctuations  of  temperature  in  the 
outdoor  insectary.  The  grubs  were  examined,  with  the  aid  of  student 
assistants,  twice  a  week  during  the  warmer  parts  of  the  year,  once  a  week 
in  spring  and  autumn,  and  once  a  month  during  the  winter  months,  and  at 
each  examination  the  soil  was  changed  and  new  food  (generally  a  few 
grains  of  wheat,  which  soon  germinated)  was  added,  except  in  the  winter 
when  the  food  was  omitted.  When  a  grub  reached  the  prepupal  stage,  the 
soil  in  the  box  was  tightly  packed  and  the  grub  placed  in  a  depression  to 
simulate  a  pupal  cell.  These  prepupae  were  then  isolated  from  the  others 
and  examined  daily  to  obtain  the  dates  of  pupation  and  maturity. 

All  of  the  species  whose  life  histories  are  herein  discussed  were  thus 
handled  with  the  exception  of  Pelidnota  punctata,  whose  habit  of  living 
in  rotten  logs  during  the  larval  stage  made  some  changes  in  the  above 
procedure  necessary.  This  species,  the  most  difficult  of  any  to  rear,  failed 
to  thrive  in  individual  salve  boxes  in  which  rotting  pieces  of  wood  were 
substituted  for  the  grains  of  wheat.  Only  one  specimen  was  thus  reared. 
Other  specimens,  however,  were  reared  in  decaying  wood  placed  in  one- 
gallon  tins  and  left  undisturbed.  This  method  does  not  permit  the  making  of 
observations  to  determine  the  molting  periods. 

One  other  slight  deviation  from  the  general  method  of  rearing  was 
necessary  in  the  case  of  Ligyrodes  relictus  and  the  Euphoria  grubs  whose 
larval  stage  is  passed  in  manure  and  other  decaying  vegetable  matter. 
In  these  cages,  instead  of  feeding  wheat  grains  to  the  grubs,  which,  how- 
ever, they  will  eat,  the  soil  in  which  they  were  placed  was  made  more  to 
their  liking  by  adding  to  it  an  equal  amount  of  dried  manure. 

The  material  for  morphological  and  taxonomic  work  was  obtained  in 
great  part  during  the  course  of  life-history  studies  carried  on  by  the  writer. 
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The  majority  of  the  specimens  were  reared  from  eggs  laid  by  definitely 
determined  beetles.  However,  certain  species  which  can  be  distinguished 
by  their  habits  or  the  habitat  in  which  they  live  were  studied  when  their 
identity  was  certain.  As  an  example,  large  grubs  found  in  rotting  hay- 
stacks can  be  determined  with  comparative  surety  as  Ligyrodes  relictus 
(Say),  and  other  instances  could  be  cited.  The  molted  exuviae  of  reared 
grubs  were  preserved  and  have  proved  quite  helpful  in  this  study.  They 
possess  the  advantage  of  having  all  the  chitinous  parts  of  the  mouthparts 
intact  without  the  presence  of  muscles  and  tissues,  and  this  dispenses  with 
necessity  of  putting  them  through  a  clearing  process.  The  molted  exuviae 
are  transparent  and  readily  studied  and  dissected  under  the  miscroscope. 
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MORPHOLOGY 

The  following  descriptions  of  larvae  were  made  in  most  instances 
from  reared  specimens  concerning  whose  identification  there  is  no  doubt, 
A  few  species  were  studied  which  are  readily  recognizable  by  their  habitus, 
habitats,  or  habits,  and  were  not  reared  because  there  is  reasonable 
certainty  of  their  correct  identification. 

The  external  anatomy  of  American  species  of  white  grubs  has  been 
given  but  slight  consideration.  Few  complete  or  detailed  descriptions  of  the 
morphological  features  are  available.  With  the  exception  of  a  few  widely 
scattered  descriptions  of  some  known  larvae,  little  has  been  done.  The 
writer  recently  (1927)  presented  somewhat  detailed  morphological  des- 
criptions and  figures  of  the  immature  stages  of  Anomala  kansana  H.  and 
McC.  Boving's  work  (1921)  on  the  Japanese  beetle  has  already  been 
mentioned,  but  nowhere  have  any  comprehensive  comparisons  been  made 
of  American  species.  Grandi  (1925)  has  presented  comparisons  of  three 
Italian  species.  Reference  has  been  previously  made  to  European  works  on 
scarabaeid  larvae. 

The  larvae  of  the  Scarabaeoidea  (Fig.  1  to  12)  are  quite  similar  to  one 
another  but  easily  distinguished  from  other  beetle  larvae.  The  body  is 
elongated,  subcylindrical,  and  in  most  cases  normally  bent  in  the  form  of  a 
letter  C.  From  this  shape  is  derived  the  term  ''scarabaeiform"  used  to 
describe  this  type  of  larva.  The  body  in  many  species  is  nearly  constant  in 
diameter  from  the  anterior  to  the  caudal  end.  In  the  Cetoniinae  (Fig.  11) 
the  caudal  end  is  frequently  enlarged,  while  in  many  Rutelinae  (Fig.  8)  it  is 
tapering.  The  body  is  distinctly  differentiated  into  a  well-formed  head  and 
a  series  of  twelve  segments  making  up  the  thorax  and  abdomen.  The  three 
segments  of  the  thorax  bear  three  pairs  of  well-formed  legs,  except  in 
Passalus  (Fig.  3)  which  has  but  two  well-developed  pairs.  The  legs  are  not 
as  important  organs  in  locomotion  as  they  are  in  digging.  In  some  Cetoni- 
inae the  legs  are  not  used  at  all  for  walking.  Such  species  crawl  upon  their 
back  by  the  aid  of  body  contractions,  in  which  they  are  assisted  by  the 
erect  setae  with  which  the  body  segments  are  provided.  When  placed 
upon  their  feet,  these  larvae  invariably  turn  over  on  their  backs  in  order 
to  move  themselves  along.  The  head  is  more  heavily  chitinized  than  the 
rest  of  the  body,  which  is  paler  in  color,  and  the  integument  is  somewhat 
transparent.  The  body  segments  are  usually  divided  into  a  series  of  deep 
folds  forming  subsegments  or  annulets.  There  are  usually  three  sub- 
segments  in  most  of  the  segments,  although  in  a  few  species  they  are  in- 
distinct or  lacking.  The  segments  in  the  Lucanidae  are  less  conspicuously 
subdivided,  and  in  Passalus  there  are  no  annulets  present. 


j 
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The  general  body  form  of  some  of  the  coprophagous  beetles  is  distinctly 
"hump-backed"  in  outline.  This  is  seen  in  such  genera  as  Canthon, 
Copris,  Pinotus  (Fig.  1),  and  Onthophagus  (Fig.  4).  Such  species  usually 
develop  in  balls  or  packs  of  manure  formed  by  the  parents  at  the  time  of 
oviposition. 

The  Head  and  its  Appendages 

The  head  (Fig.  13  to  24)  is  hypognathous,  that  is,  situated  at  right 
angles  to  the  long  axis  of  the  body  and  with  the  mouthparts  directed 
ventrad.  It  is  more  strongly  chitinized  than  the  remainder  of  the  body  and 
varies  considerably  in  color  with  the  various  species,  ranging  from  light- 
yellow  or  tan  in  some  through  all  degrees  of  brown  almost  to  black. 
The  Rutelinae  and  Melolonthinae  contain  some  of  the  lighter  forms; 
while  the  Dynastinae,  as  represented  by  Xyloryctes,  have  darker  heads. 
The  general  form  is  convex  or  subglobose  (Fig.  13  et  at)  and  usually  sym- 
metrical, although  some  species  (Fig.  23)  are  decidedly  asymmetrical. 

The  head  capsules  of  Phyllophaga  crassissima  (Fig.  16),  Ligyrus 
gibbosus  (Fig.  19),  Cotalpa  lanigera  (Fig.  20),  Euphoria  inda  (Fig.  21), 
and  Canthon  laevis  (Fig.  13)  are  typical  representatives  of  five  separate 
subfamilies  of  the  Scarabaeidae.  In  general,  they  bear  a  striking  resem- 
blance to  each  other.  In  color,  they  vary  from  a  light  to  a  dark  tan  almost 
brownish.  The  size  of  the  head  is  variable,  depending  of  course  upon  the 
instar  of  the  grub  and  also  the  species  concerned.  It  has  been  suggested  that 
the  relative  size  of  the  head  capsule,  being  thought  constant  in  the  various 
instars,  would  be  of  value  in  distinguishing  the  different  species;  but 
careful  observation    shows  a  gradual   increase   in   size   between   molts. 

The  cephalic  aspect  of  all  species  presents  the  same  general  gross 
features,  in  which  is  evident  the  epicranial  suture  (Fig.  13  es)  dividing  the 
epicranium,  or  vertex,  and  bounding  with  its  branching  arms  (ea)  the 
lateral  margins  of  the  front,  or  frons  (/).  Between  the  arms  of  the  epicranial 
suture,  on  the  frons,  in  Canthon  laevis  (Fig.  13),  Euphoria  inda  (Fig.  21), 
and  others,  is  an  extended  Y-shaped  depression  resembling  a  second 
epicranial  suture  and  setting  oflF  an  area  quite  similar  to  the  adfrontal  area 
found  in  some  lepidopterous  larvae.  This  impression  may  be  a  secondary 
suture.  If  this  condition  is  an  extension  of  the  true  suture,  it  is  so  closely 
fused  that  in  E.  inda  there  is  scarcely  any  trace  of  it  on  the  inner  surface, 
while  in  C.  laevis  the  inner  surface  presents  a  decided  ridge,  or  carina, 
which  does  not  extend  into  the  arms.  The  epicranial  suture  splits  at  the 
time  of  molting  and  usually  the  split  is  continued  into  the  arms  of  the  Y. 
In  C.  laevis,  however,  the  split  does  not  extend  into  the  arms,  reaching  only 
to  the  point  of  branching.  In  C.  laevis  and  in  E.  inda  there  is  a  tendency 
for  splitting  in  the  secondary  Y.  An  examination  of  E.  inda  alone  would 
lead  to  the  conclusion  that  the  secondary  Y  is  merely  a  depression  in  the 
front;  but  if  C.  laevis  is  the  more  primitive  of  the  two,  the  presence  of 
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the  carina  may  indicate  that  a  suture  is  disappearing  during  special- 
ization. 

Coincidentally,  these  two  species  present  a  series  of  four  rounded  de- 
pressions, two  on  the  front  and  two  on  the  vertex  near  the  arms  of  the 
epicranial  sutures.  At  first  these  suggest  remnants  of  ocelli.  In  the 
genera  Trichiotinus  and  Strategus  in  which  ocelli  do  occur,  they  are 
located  near  the  base  of  the  antennae  and  seem  to  have  no  relation  to  the 
depressions  in  Canthon  and  Euphoria.  The  two  depressions  on  the  front 
are  perhaps  the  external  evidence  of  the  points  of  attachment  of  the 
dorsal  arms  of  the  tentorium. 

The  clypeus  (Fig.  13  dp)  adjoining  the  front  is  trapezoidal  in  shape 
and  to  it  is  attached  the  flap-like  labrum  {lab)  with  its  laterally  rounded 
sides.  Laterad  of  the  clypeus  and  labrum  are  the  prominent  mandibles 
{md).  The  antennae  {ant)  are  the  only  segmented  appendages  evident 
on  the  cephalic  aspect,  except  in  Canthon  laevis  where  the  maxillae  may 
protrude  from  under  the  mandibles  and  thus  expose  the  maxillary  palpi. 
In  no  case  are  the  labial  palpi  discernible  from  this  view. 

In  a  caudal  view  (Fig.  92,  93)  with  the  head  removed  from  the  thorax 
the  relatively  large  occipital  foramen  {of)  is  seen  to  be  bounded  by  the 
fused  areas  of  the  postgenae  and  occiput.  Surrounding  the  foramen  is  a 
slight  ridge,  represented  in  the  drawings  by  the  dotted  lines,  to  which  is 
attached  the  cervical  membrane.  The  labium  is  divided  into  three  regions. 
The  submentum  {sm)  is  the  basal,  or  proximal,  sclerite  to  which  is  joined 
distally  the  mentum  {m),  and  in  turn  the  stipula  {st)  joins  the  mentum. 
The  maxillae  {mx)  lie  laterad  of  the  mentum,  and  under  the  maxillae  lie 
the  mandibles  {md). 

The  heads  of  the  species  of  the  other  three  families  of  the  super-family — 
Lucanidae  (Fig.  23),  Passalidae  (Fig.  24),  and  Trogidae  (Fig.  22)— present 
no  striking  differences  from  those  of  the  Scarabaeidae  just  described. 
There  is  a  greater  tendency  for  the  head  to  be  asymmetrical  which  is  quite 
pronounced  in  the  head  of  Sinodendron  (Fig.  23)  and  less  so  in  Trox  (Fig. 
22).  The  head  of  Passalus  (Fig.  24)  is  more  like  the  Scarabaeidae  in  being 
nearly  symmetrical  but  is  somewhat  broader  in  proportion  to  its  height. 

In  all  species,  the  head  is  the  most  heavily  chitinized  area  of  the  body. 
The  surface  is  frequently  smooth  and  impunctate,  in  other  species  it  is 
rugose  or  rugulose.  A  few  setae  may  be  noted.  There  are  frequently  four 
rather  conspicuous  setae  on  the  clypeus. 

Antennae 

Three  pairs  of  segmented  head  appendages  are  evident  from  the  caudal 
aspect,  the  antennae,  maxillary  palpi  and  labial  palpi.  The  number  of 
antennal  segments  has  been  a  matter  of  discussion.     The  proximal  seg- 
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ment  in  nearly  all  species  is  fused  to  the  head  and  not  articulate.  Some 
writers  disregard  it  as  a  segment  while  others  count  it  as  a  true  division 
of  the  appendage.  Osten-Sacken  (1874)  in  speaking  of  the  antenna  of 
Pleocoma  says  it  is  "three-segmented"  and  does  not  consider  the  basal, 
or  fused,  region  which  he  termed  the  "scapus."  Schiodte  (1874)  also  dis- 
regards it  and  considers  it  a  "palpiger."  Later  workers  have  called  it  a 
separate  segment,  and  in  this  study  it  will  be  considered  as  the  first  anten- 
nal  or  basal  segment.  The  view  of  Perris  (1877,  pp.  93-94)  on  the  number 
of  antennal  segments  is  presented  below: 

D'apres  Erichson  et  les  savants  naturalistes  de  Lyon,  ces  organes  seraient  composes  de 
trois  a  cinq  articles,  le  premier  n'etant  pour  eux  qu'une  saillie  tuberculeuse  qui  simule  un 
article.  Je  ne  puis  me  ranger  a  cette  opinion.  Je  ne  pretends  pas  dire  qu'elle  constitue  une 
appreciation  erronee  de  la  structure  des  antennes,  mais  comme  cette  saillie  tuberculeuse  existe 
dans  toutes  les  larves,  que  si,  par  suite  de  sa  retractilite  ou  autrement,  elle  laisse  quelquefois 
place  au  doute,  elle  presente  habituellement  la  physionomie  d'un  veritable  article;  comme  aussi 
la  plupart  des  auteurs,  y  compris  les  entomologistes  eminents  que  je  viens  de  citer,  lui  ont  le 
plus  souvent  donnee  ce  caractere  dans  leurs  descriptions,  je  crois  qu'il  faut  le  lui  maintenir 
sous  peine  d'avoir  a  rectifier  presque  tout  ce  qui  a  ete  dit  jusqu'ici  sur  les  antennes.  Je  ferai 
remarquer  en  outre  que,  sicet  article  basilaire  devait  6ntre  retranche,  il  serait  inexact  de  dire 
que  les  antennes  des  larves  de  Lamellicornes  ont  de  trois  a  cinq  articles,  car  alors  il  y  aurait 
des  larves  qui,  avec  I'article  basilaire,  en  auraient  six,  ce  que  je  n'ai  jamais  vu. 

In  most  subfamilies  of  the  Scarabaeidae,  the  antennae  are  five-seg- 
mented (Fig.  95,  96).  The  first,  or  basal,  segment  being  short  and  conical, 
the  second,  third,  and  fourth  are  much  longer  than  the  first  and  vary 
somewhat  in  size  with  the  different  species.  The  fourth  segment  at  its 
distal  end  is  frequently  extended  into  a  more  or  less  acute  or  obtuse  pro- 
cess (Fig.  95).  The  fifth  segment  is  usually  shorter  than  the  penultimate. 
In  some  species  it  is  of  fair  size  and  tapers  to  a  point  or  else  ends  bluntly. 
In  many  of  the  coprophagous  species  the  last  segment  is  greatly  reduced 
in  size  and  appears  almost  like  a  small  papilla  (Fig.  13)  on  the  end  of  the 
fourth  segment.  Frequently,  large  sensory  pits  are  evident  in  the  fifth 
segment.    These  vary  in  number  in  different  species  in  which  they  occur. 

Among  some  of  the  coprophagous  species  of  Scarabaeidae,  in  the  Trogi- 
dae,  and  in  some  Lucanidae,  there  are  but  four  antennal  segments,  and  in 
most  instances  of  this  sort  the  terminal  segment  is  small  and  papilla-like. 
The  antennae  of  Passalus  cornutus  (Fig.  94)  in  the  Passalidae  are  but  three- 
segmented.  The  proximal  segment  is  short  but  greatly  widened,  being 
several  times  wider  than  long,  or  about  equal  in  width  to  the  length  of 
the  third  segment.  The  second  segment  is  less  widened,  somewhat  longer, 
and  somewhat  conicg^  in  shape.  The  third  or  distal  segment  is  two  or 
three  times  longer  than  wide  and  somewhat  pointed.  The  composite 
form  of  all  three  segments  presents  the  appearance  of  a  rather  uniform 


cone. 
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Clypeus  and  Labrum 

The  clypeus  presents  little  that  is  striking  in  variation  in  the  different 
species.  It  is  usually  somewhat  trapezoidal  or  subrectangular  in  outline, 
and  frequently  its  lateral  margins  are  slightly  emarginate,  while  the  proxi- 
mal and  distal  margins  are  usually  subparallel.  It  is  much  wider  than  long, 
and  in  many  species  the  distal  half  is  less  heavily  chitinized,  with  a  some- 
what sharp  line  of  demarkation,  presenting  the  appearance  of  a  clypeal 
suture,  thus  dividing  the  structure  into  a  preclypeus  (Fig,  18,  pc)  and  a 
postclypeus  (Fig.  18,  psc). 

In  Canthon  laevis  Drury  (Fig.  13)  the  clypeus  (dp)  is  about  twice  as 
wide  as  it  is  long,  the  anterior  and  posterior  margins  are  subparallel,  and 
the  lateral  margins  are  emarginate  and  converge  slightly  distally.  The 
labrum  (lab)  is  rounded  on  the  sides,  and  the  anterior  margin  is  distinctive, 
certain  subfamilies  having  a  double  emargination  that  causes  the  median 
lobe  to  appear  quite  prominent.  In  none  of  the  forms  observed  is  the 
labrum  exactly  symmetrical. 

A  study  of  Canthon  ehenus  Say  indicates  its  similarity  to  C.  laevis. 
The  clypeus  and  labrum  are  quite  similar,  having  as  their  most  conspicuous 
feature  the  biemarginate  labrum.  Onthophagus  pennsylvaniciis  Harold 
has  the  same  general  features  of  the  clypeus  and  labrum  with  the  biemar- 
ginate anterior  margin  and  prominent  median  lobe.  Perris  (1877,  pi.  3) 
figured  Copris  lunaris  L.  with  a  labrum  of  this  type,  while  Osten-Sacken 
(1862)  figured  Pinotus  (Copris)  Carolina  (L.)  with  an  excision  in  the  prom- 
inent median  lobe.  In  a  study  of  P.  Carolina  specimens  before  the  writer, 
this  excision  of  the  median  lobe  is  not  present  (Fig.  90,  127).  The  margin 
is  biemarginate  with  a  conspicuous  median  lobe  showing  no  excision  as  in 
Osten-Sacken's  drawing. 

The  labrum  in  the  species  of  Aphodius  studied — probably  A .  fimetarius 
(L.) — is  biemarginate,  asymmetrical,  and  trilobed  (Fig.  14).  It  is  nearly  as 
long  as  wide.  Schiodte  (1874)  has  figured  the  labrum  of  Aphodius  rufipes 
(L.)  which  is  quite  similar.  Both  resemble  the  form  of  the  labrum  in 
Canthon. 

Phyllophaga  crassissima  (Blanch.)  (Fig.  16)  has  the  clypeus  of  somewhat 
the  same  general  shape  as  Canthon  laevis.  It  is  trapezoidal  in  form  with  the 
lateral  sides  less  deeply  emarginate.  The  labrum  lacks  the  lobes  on  the 
anterior  margin  and  is  somewhat  pointed.  It  is  as  long  as  broad  and 
circular  in  outline.  The  anterior  margin  is  slightly  crenate.  Phyllophaga 
lanceolata  (Say)  has  much  the  same  general  form  of  clypeus  and  labrum 
with  no  apparent  external  difference. 

An  undetermined  species  of  Diplotaxis  has  the  clypeus  and  labrum 
about  twice  as  broad  as  the  length  of  either  single  part.  In  order  words, 
the  combined  length  of  clypeus  and  labrum  is  equal  to  their  breadth.  The 
clypeus  is  trapezoidal  in  shape,  and  the  labrum  is  broadly  oval,    Schiodte 
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(1874)  figures  the  clypeus  and  labrum  of  Rhizotrogus  fallenii  Gyll.  and 
Serica  brunnea  L.  with  a  somewhat  different  form,  especially  in  the  shape 
of  the  clypeus.    The  same  is  true  of  his  figure  of  Meloloniha  vulgaris  Fab. 

The  clypeus  of  Cotalpa  lanigera  (Fig.  20)  is  nearly  three  times  as  broad 
as  long.  The  anterior  and  posterior  margins  are  parallel,  while  the  lateral 
margins  are  deeply  emarginate  and  converge  posteriorly.  The  labrum  is 
almost  as  long  as  broad,  subcircular  in  outline,  but  not  as  pointed  anteriorly 
as  in  Phyllophaga.  Both  sclerites  are  larger  than  in  most  species.  There  is 
a  striking  resemblance  in  these  sclerites  to  Polymoechus  brevipes  Lee. 
except  for  a  proportionately  smaller  size  and  the  absence  of  the  deep 
emarginations  on  the  lateral  margins  of  the  clypeus. 

Anomala  binotata  Gyll.  and  A.  kansana  (Fig.  18)  have  a  clypeus  with- 
out lateral  emarginations.  It  is  twice  as  broad  as  long.  The  labrum  is 
slightly  broader  than  long,  and  the  sides  converge  to  a  somewhat  pointed 
margin.  This  point  is  not  as  sharp  as  in  Phyllophaga.  Schiodte  figured 
Anomala  aenea  De  Geer  {Euchlora  frischii  Fab.)  which  also  has  the  clypeus 
without  the  lateral  emarginations  and  the  labrum  of  the  same  shape  as  in 
A .  binotata  but  with  a  more  deeply  rugose  surface. 

The  clypeus  and  labrum  of  Ligyrus  gibbosus  De  Geer  (Fig.  19)  is  pro- 
portionately larger  than  in  Phyllophaga,  but  smaller  than  Cotalpa  lani- 
gera, the  increase  in  size  over  Phyllophaga  being  expressed  in  width. 
The  clypeus  is  trapezoidal,  and  the  labrum  is  broader  and  more  of  an  oval 
than  in  either  C.  lanigera  or  P.  crassissima. 

In  Ligyrodes  relictus  Say  both  the  clypeus  and  labrum  are  much  broader 
than  long  and  proportionately  larger.  The  labrum  is  the  most  broadly 
ovate  of  any  of  the  forms  observed.  The  broad  condition  of  the  labrum 
holds  for  Ochrosidia  immaculata  (Oliv.)  and  the  anterior  margin  is  notice- 
ably crenate.  In  comparison  with  the  species  of  Ligyrus  the  labrum  is 
much  longer  proportionately.  There  are  no  important  differences  in  the 
clypeus. 

The  clypeus  of  Euphoria  inda  (Fig.  21)  does  not  converge  anteriorly  as 
in  the  other  subfamilies,  the  whole  being  nearly  a  parallelogram  with 
rounded  corners.  It  is  twice  as  broad  as  long.  The  labrum  has  about  the 
same  proportions,  being  broadly  ovate  with  two  anterior  emarginations 
producing  a  small  median  lobe  as  in  the  Coprinae  but  not  so  prominent. 
Euphoria  sepulchralis  has  the  clypeus  of  the  same  rectangular  shape  and 
has  double  anterior  margins  on  the  labrum,  but  is  somewhat  smaller  than 
E.  inda.  The  same  characteristics  of  clypeus  and  labrum  are  also  found 
in  Stephanucha  pilipennis  K.,  a  rare  species  of  Scarabaeidae  that  occurs 
only  in  Kansas.  All  of  the  Cetoniinae  noted  are  more  nearly  symmetrical 
than  other  species  studied. 

The  clypeus  of  Trox  sp.  (Fig.  22)  is  unique  in  being  limited  proximally  by 
a  conspicuously  arched  fronto-clypeal  suture.    It  is  divided  into  a  precly- 
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peus  and  postclypeus  as  in  the  Scarabaeidae,  but  with  the  preclypeus  some- 
what less  heavily  chitinized.  The  labrum  is  very  similar  in  form  to  that  of 
the  Coprinae. 

In  the  Lucanidae  as  represented  by  Sinodendron  riigosum  Mann,  tlie 
general  form  of  both  the  clypeus  and  labrum  approaches  that  of  the  Cetoni- 
inae  in  being  more  nearly  symmetrical.  No  noticeable  emargination  is 
present,  but  the  whole  is  decidedly  crenate,  and  the  median  lobe  is  lacking. 
The  clypeus  of  Passaltis  cornutus  Fab.  (Fig.  24)  is  nearly  twice  as  wide  as 
long,  and  subrectangular.  The  labrum  is  subovate  with  a  prominent  median 
lobe  on  the  anterior  margin,  in  this  respect  resembling  that  of  the  Trogidae 
and  the  Coprinae. 

Epipharynx 

The  epipharynx,  although  an  internal  structure,  is  one  that  is  easily 
accessible  and  can  be  examined  without  injury  to  the  specimen  by  merely 
inserting  a  needle  under  the  labrum  and  raising  it  up.  It  can  also  be  studied 
in  living  larvae  without  any  apparent  harm  being  done  to  the  individual. 
The  characters  of  the  epipharynx  have  not  been  given  detailed  considera- 
tion by  previous  workers.  Schiodte  (1874)  figured  the  epipharynx  of 
Geotrupes,  and  his  drawing  of  this  genus  is  copied  here  (Fig.  58).  Boving 
(1921)  has  figured  and  briefly  described  the  epipharynx  of  Popilliajaponica 
Newm.  Neither  of  these  writers  has  attempted  to  name  the  various  parts. 
A  German  worker  (Ritterschaus,  1927)  has  described  in  some  detail  the 
epipharynx  of  Anomala  aenea  De  Geer  and  Phyllopertha  horlicola  L.  She 
is  the  first  to  assign  names  to  some  of  the  various  parts.  Her  terms  will  be 
mentioned  later.  The  writer  (1928)  attempted  to  show  the  value  of  the 
epipharynx  as  an  aid  in  the  discrimination  of  the  various  genera.  Further 
study  has  emphasized  the  importance  of  these  characters,  which  are  de- 
scribed below  in  detail  because  of  their  use  in  the  generic  keys  in  this  work. 

The  epipharynx  (Fig.  25  to  69)  is  defined  as  the  ental  wall  of  the  labrum. 
Its  proximal  extent  is  limited  by  the  tormae,  which  are  situated  at  the 
lateral  extremes  of  the  clypeo-labral  suture.  However,  a  few  of  the  setae 
and  an  important  sensory  area,  located  between  the  mesal  ends  of  the  tor- 
mae, are  proximad  of  this  suture  and  are  thus  on  the  ental  surface  of  the 
clypeus. 

The  tormae  (f)  are  heavily  chitinized  structures  on  the  ends  of  the  cly- 
peo-labral suture  (clsi)  which  extend  toward  the  mesal  line  and  in  some 
larvae  of  this  group  meet  and  fuse  on  the  mesal  line.  In  many  insects  they 
serve  as  a  landmark  in  determining  the  extent  of  the  clypeus  and  labrum 
when  the  clypeo-labral  suture  is  indistinct  or  absent.  In  the  present  group 
of  larvae,  the  tormae  exhibit  various  sizes  and  shapes,  and  further  study 
may  find  them  of  more  taxonomic  importance.  They  were  useful  in  the 
separation  of  Canthon  and  Onthophagus.  The  lateral  lobes  (//)  and 
median  lobes  (w/),  as  here  considered,  apply  to  the  lateral  and  distal  margins 
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of  the  labrum  of  conspicuously  biemarginate  species.  The  lateral  striae 
(Is),  occurring  in  Melolonthinae  and  a  few  other  forms,  are  short  trans- 
verse carinae  at  the  bases  of  setae  on  the  lateral  margin.  In  Phyllophaga  a 
second  group  of  carinae,  more  distal  and  somewhat  removed  from  the 
margin,  are  called  submarginal  striae  {sms).  On  the  median  line  and  some- 
what removed  from  the  distal  margin  is  an  important  area,  here  called  the 
distal  sensory  area  (dsa),  containing  various  sensillia  and  strong  chitinous 
spines.  The  structures  in  this  region  which  are,  in  most  cases,  obviously 
strong  spines  were  called  by  Ritterschaus  (1927)  "chitinous  pegs,"  and  the 
area  upon  which  they  are  situated,  and  upon  which  are  also  found  numerous 
pore-like  sensillia,  was  called  a  "chitinous  plate."  The  chitinous  pegs  are 
here  called  spines  (sp)  and  the  chitinous  plate  is  the  distal  sensory  area.  The 
sensillia  (sa)  are  located  at  the  bases  of  the  spines,  being  between  them 
and  the  distal  margin. 

The  proximal  sensory  area  ipsa)  is  the  region  between  the  ends  of  the 
tormae  and  in  many  species  proximad  of  the  clypeo-labral  suture  {dst).  This 
region  contains  a  strong,  rounded  tubercle  called  by  Ritterschaus  the  sense- 
cone  (sc).  High  magnification  shows  it  to  contain  about  four  sensillia  (Fig. 
69).  One  of  these  sense-cones  is  described  in  detail  in  the  description  of  the 
epipharynx  of  Phyllophaga  futilis.  On  the  right  side  of  the  sense-cone  (left 
in  drawings)  is  a  variously  shaped,  chitinous  plate  (cp),  which  is  not  present 
in  some  species.  On  the  left  side  of  the  sense-cone  is  a  non-setose  area  which 
in  some  forms  (Phyllophaga)  contains  20  to  25  pore-like  sensillia.  In  other 
species  two  or  three  sensillia  are  found  in  this  area,  and  in  still  others  none 
occur.  These  may  be  called  the  clypeal  sensillia  (els)  since  they  are  usually 
on  the  clypeus.  The  remaining  surface  of  the  epipharynx  is  covered  with 
variously  arranged  articulate  setae  (si),  which  are  usually  so  arranged  as  to 
leave  a  clear,  non-setose  area  in  the  center  of  the  epipharynx.  Frequently 
there  are  interspersed  among  these  setae  numerous  groups  of  more  delicate, 
non-articulate  spines,  especially  in  the  region  of  the  clypeo-labral  suture. 

Coprinae 
Tribe  Scarabaeini. — The  epipharynx  of  Canthon  laevis  Drury  (Fig.  55)  is 
symmetrical  and  rather  strongly  developed  and  is  rather  densely  covered 
with  strong,  hooked  setae.  The  lobe  is  continued  on  the  ental  surface  into  a 
prominent,  rounded  process  which  bears  six  shorter  setae.  There  is  a  central 
pair  of  setae  arranged  transversely,  and  laterad  of  these  on  each  side  is 
another  pair  arranged  longitudinally.  Still  farther  laterad  are  two  pit-like 
structures  which  somewhat  resemble  alveoli  from  which  setae  have  been 
removed  but  which  are  more  probably  sensoria.  The  lateral  lobes  are  rather 
densely  covered  with  long,  slender,  curved  setae.  Mesad  of  these  on  the 
ental  aspect  is  located  a  group  of  not  over  a  dozen  more  robust,  but  shorter, 
setae  which  are  recumbent,  their  apices  being  directed  mesad.  These  are 
apparently  unequal  in  number  on  the  two  sides,  with  a  few  more  present  on 
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the  right  than  on  the  left  side.  Behind,  or  proximad,  of  the  median  lobe  in 
cleared  specimens,  is  a  dark,  transverse,  oval  structure  which  probably 
would  not  be  apparent  in  fresh  specimens.  Near  the  clypeo-labral  suture  a 
few  slender  setae  are  grouped  on  each  side;  they  are  recumbent  and  their 
points  are  direct  mesoproximad.  The  tormae  are  not  as  well  developed  as  in 
some  other  scarabaeid  larvae.  They  appear  strongly  curved  on  the  sides, 
and  each  extends  on  its  mesal  end  transversely  across  the  epipharynx  to 
meet  and  fuse  with  the  torma  of  the  other  side. 

Tribe  Coprini. — Copris  tuUiiis  Oliv.  {anaglypticus  Say)  also  has  the 
labrum  symmetrical,  strongly  trilobed,  and  biemarginate  (Fig.  64).  The 
following  description  is  made  from  a  single  specimen  whose  details  are 
difficult  to  make  out.  Its  median  lobe  bears  four  long  setae  hooked  at  the 
tips  and  also  some  shorter  setae.  The  lateral  lobes  have  only  a  few  short 
setae.  No  distinct  distal  sensory  area  can  be  distinguished,  and  there  is 
apparently  a  group  of  short  setae  arranged  in  the  form  of  a  circle.  Near  the 
clypeo-labral  suture  a  darker  area  may  be  the  sense-cone  of  the  proximal 
sensory  area.  Other  than  the  circle  of  setae  only  a  few  short,  scattered  setae 
are  apparent  on  the  ental  surface  of  the  lateral  lobes.  The  tormae  appear 
branched,  one  of  the  branches  being  long  and  extending  far  onto  the  cly- 
peus.  The  epipharynx  of  Onthophagus  (Fig.  67)  shows  quite  a  different 
arrangement  of  the  tormae  and  a  somewhat  similar  circular  group  of  setae 
in  the  central  area.  The  distal  margin  is  provided  with  intermixed  long  and 
short,  strongly  hooked  setae. 

Aphodinae 

Tribe  Aphodini. — The  species  of  Aphodius  (Fig.  56)  considered  here 
was  taken  in  large  numbers  from  manure.  None  having  been  reared,  the 
specific  identity  is  uncertain,  but  from  the  large  size  of  the  grubs  it  is  pro- 
bably Aphodius  fimetarius  (L.  ),  which  is  one  of  our  largest  and  most  com- 
mon species.  The  epipharynx  bears  comparatively  few  setae  both  on  the 
margin  and  on  its  inner  surface.  The  margins  are  smooth  proximally  but 
rather  irregular  distally  where  they  are  produced  into  a  broad,  single  lobe. 
The  widest  area  is  about  in  the  middle,  where  a  single  articulate  seta  is 
situated  with  another  slightly  disto-mesad.  Between  the  broadest  point  of 
the  lateral  margins  and  the  distal  lobe  six  setae,  two  long  and  four  short, 
are  found  on  each  side.  The  distal  lobe  bears  two  long  and  four  short  setae 
on  the  margin  and  about  four  short  setae  remote  from  the  margin.  Behind 
the  median  lobe  on  each  side  are  two  irregularly  triangular  chitinized  areas. 
Between  these  and  immediately  distad  of  a  prominent  circle  of  short  chiti- 
nous  processes,  or  spines,  are  two  sense-cones.  The  circle  of  chitinous  pro- 
cesses, or  spines,  at  first  glance  resembles  setae,  but  they  are  blunt  at  their 
tips,  non-articulated,  and  at  the  base  of  some  of  the  distal  spines  there  is  an 
indication  of  a  sensory  pore.  This  circle  extends  to  the  clypeo-labral  suture. 
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The  tormae  meet  and  fuse  on  the  middle  line,  whence  a  chitinous  process 
extends  distad  to  the  center  of  the  circle  of  spines  and  then  expands  slightly 
on  the  end.  On  the  clypeus  are  two  small  chitinous  plates  found  near  the 
fused  tormae. 

Geotrupinae 

Tribe  Geotrupini. — No  specimens  of  this  genus  were  available.  The 
drawing  of  Geotrupes  stercorarius  L.  (Fig.  58)  is  a  copy  of  Schiodte's  drawing. 
In  general  it  is  somewhat  similar  in  shape  to  Canthon  laevis,  being  symmetri- 
cal and  trilobed.  The  inner  aspect  has  comparatively  few  setae.  The 
median  lobe  is  strongly  produced  on  the  inner  aspect.  Its  margin 
shows  eight  strong  setae,  and  eight  others,  apparently  recumbent  and  di- 
rected proximad,  are  found  just  within  the  margin  on  the  inner  aspect.  A 
strongly  curved,  transverse,  darker  area  is  proximad  of  these  spines,  and 
two  series  of  small  setae,  semi-circular  in  arrangement,  are  proximad  of  this 
darker  area.  The  median  lobe  is  produced  into  a  blunt,  rounded  process 
which  crosses  the  clypeo-labral  suture.  The  surface  of  the  lateral  lobes  bears 
setae  that  are  shorter  and  stouter  than  those  of  the  lateral  margins.  They 
are,  as  in  Canthon,  unequal  on  the  two  sides,  with  a  few  more  present  on  the 
right  side  than  on  the  left.  They  are  recumbent  and  their  apices  are  directed 
mostly  toward  the  meson.  The  tormae  are  not  shown  in  Schiodte's  drawing. 

Glaphyrinae 

The  epipharynx  oi  Amphicoma  sp.  (Fig.  61)  is  described  from  specimens 
in  the  Davis  collection  from  Hadley,  Mass.,  collected  May  29,  1916,  by  H. 
E.  Smith.  Unlike  most  of  the  Laparosticti,  the  labrum  is  only  slightly 
trilobed  and  only  faintly  biemarginate.  On  the  margins,  both  distal  and 
lateral,  there  are  interspersed  long  and  short  setae,  the  long  ones  being 
several  times  longer  than  the  short  ones.  The  median  lobe  bears  the  distal 
area,  which  is  almost  on  the  margin  and  which  contains  about  twelve 
sensillia  in  the  form  of  small,  rounded  pores.  The  pores  seem  to  be  set  off 
from  the  rest  of  the  epipharynx  by  a  darker,  chitinous,  semi-circular 
band  which  bears  a  few  setae.  The  remaining  surface  of  the  epipharynx  is 
covered  with  rather  densely  placed  setae  arranged  in  a  circle,  with  the 
larger  and  stronger  setae  on  the  distal  rim  of  the  circle.  In  the  cleared  circle 
and  proximad  of  the  larger  setae  are  a  few  small  rounded  areas  that  may 
be  sensillia  or  trichopores.  The  right  torma  is  extremely  long,  reaching  far 
beyond  the  median  line.  The  left  torma  is  much  shorter.  The  proximal 
sensory  area,  which  is  behind  the  right  torma  in  the  area  formed  by  a  strong 
curve  of  the  torma,  is  composed  of  a  strong  tubercle-like  sense-cone,  with 
two  smaller  cones  to  the  right.  A  few  minute  spines  of  varying  sizes  are  to 
be  seen  proximad  of  the  right  torma,  and  two  or  three  pore-like  sensillia  are 
mesad  of  the  sense-cone. 
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M  elolonthinae 

Tribe  Sericini. — The  epipharynx  (Fig.  31)  is  described  from  specimens 
in  the  Illinois  Natural  History  Survey  collection,  determined  as  Serica  sp. 
by  Dr.  A.  G.  Boving.  They  agree  closely  with  the  description  of  Triodonta 
(Serica)  aquila  Cast,  by  Ferris  (1877,  p.  116).  The  labrum  is  more  sym- 
metrical than  in  most  of  the  Melolonthinae  and  has  its  distal  lobe  rather 
strongly  produced.  The  lateral  lobes  are  margined  on  the  inner  aspect 
by  the  series  of  lateral  striae.  The  margins  of  all  three  lobes  are  provided 
with  rather  numerous  setae,  which  increase  in  length  distally.  There  are 
three  prominent  spines  in  the  distal  sensory  area,  but  no  sensillia  have  been 
found.  Close  study  may  probably  show  that  they  are  present.  The  surface 
of  the  epipharynx  is  covered  with  small  setae  except  for  a  cleared  central 
space.  The  tormae  are  unequal  in  size  and  dissimilar  in  shape.  The  right 
torma  reaches  almost  to  the  median  line,  and  at  its  end  is  located  the  con- 
spicuous sense-cone  of  the  proximal  sensory  area. 

Tribe  Melolonthini. — Diplotaxis  sp.  is  described  from  a  first  instar  larva 
(Fig.  34).  The  epipharynx  is  broadly  oval,  with  only  the  distal  end  bearing 
setae,  about  eight  in  all.  The  ental  surface  bears  a  small  patch  of  com- 
paratively long  setae,  which  are  directed  meso-distad.  They  meet  on  the 
meson  and  overlap  each  other.  Between  these  and  the  distal  margin  are  a 
few  short,  broad  setae.  The  lateral  margins  lack  the  series  of  lateral  striae 
which  occur  in  other  Melolonthinae  and  also  in  the  tribe  Anomalini.  The 
distal  sensory  area  is  located  at  the  base  of  four  spines  with  apices  directed 
proximad.  Five  sensillia  can  be  distinguished  at  the  base  of  these  spines. 
An  irregular  series  of  short  setae  extends  from  these  spines  to  the  clypeal 
area.  The  tormae  are  poorly  developed,  the  left  one  being  more  heavily 
chitinized  than  the  right,  which  is  almost  obsolete.  In  the  area  of  the 
epipharynx,  distad  of  the  right  torma,  is  a  darkened,  narrowly  chitinized 
area,  which  extends  disto-proximad.  This  may  be  a  structure  that  is  not 
normally  present.  A  small  dark  area  distad  of  the  left  torma  is  probably  a 
sense-cone  of  the  proximal  sensory  area. 

The  labrum  of  Phyllophaga  futilis  (Lee.)  (Fig.  37)  is  asymmetrical,  and 
its  distal  margin  is  extended  to  form  a  lobe  which  is  covered  with  a  mass  of 
long,  slender,  articulate  setae.  The  lateral  margins  are  rounded  and  bear  on 
each  side  about  16  broad  and  rather  strongly  curved,  articulate  setae.  Near 
the  base  of  each  of  these  setae  on  the  ental  aspect  is  a  narrow  ridge,  or 
carina,  extending  toward  the  meson.  This  series  of  carinae  give  each  mar- 
gin a  file-like  aspect.  They  are  the  lateral  striae.  Immediately  behind  the 
distal  lobe  and  slightly  laterad  of  the  meson  is  another  series  of  ridges,  about 
nine  in  number.  The  individual  ridges  extend  nearly  disto-caudad,  while 
the  series  taken  as  a  whole  lies  obliquely.  These  are  the  submarginal  striae. 
Immediately  mesad  of  the  submarginal  striae  on  the  right  (left  in  sketches) 
is  a  darkened,  more  heavily  chitinized  area — the  distal  sensory  area.   Near 
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the  meson  and  slightly  in  front  of  the  middle  is  a  group  of  six  strong  spines 
pointing  proximally  and  having  their  bases  arranged  in  almost  a  semi- 
circle. Three  or  four  other  spines  of  the  same  nature  are  situated  caudad  of 
the  semi-circular  group  of  six.  These  spines  are  distinguishable  from  the 
neighboring  setae  by  their  larger  size  and  the  fact  that  they  are  not  articu- 
late at  the  base.  Distad  of  the  spines  and  located  near  their  base  is  a  group 
of  pore -like  sense-cones  arranged  somewhat  semi-circularly  but  irregular  as 
to  their  distance  apart.  There  are  six  comparatively  large  cones  and  five 
smaller  ones  alternating  with  them  about  the  semi-circle.  Proximad  of  the 
series  of  spines  and  sense-cones  in  the  distal  sensory  area  is  a  large  number 
of  articulate,  recumbent  setae  whose  apices  are  directed  mesad  and  meso- 
caudad.  They  likewise  are  semi-circularly  arranged,  leaving  an  area  in  the 
center  with  no  setae.  The  series  extends  to  the  tormae  on  the  proximal  mar- 
gin of  the  labrum.  On  the  left  of  the  clear  central  area  (right  in  sketch), 
near  the  proximal  margin,  is  a  cluster  of  long,  slender,  fixed  spines.  These  lie 
in  part  between  the  branched  arms  of  the  left  torma.  The  tormae,  located  on 
the  clypeo-labral  suture,  are  long,  irregular,  and  asymmetrical.  The  right 
torma  extends  almost  to  the  meson  and  is  unbranched;  while  the  left  torma 
is  shorter  and  is  two-branched  near  its  mesal  end,  with  one  of  the  branches, 
long  and  slender,  extending  far  onto  the  labrum.  At  the  mesal  end  of  the 
left  torma  is  another  clump  of  fixed,  slender  spines,  and  mesad  of  these  are 
abcut  25  clypeal  sensillia.  Between  these  sensillia  and  the  end  of  the  right 
torma,  slightly  off  the  median  line,  is  a  triangular  chitinized  area,  almost 
spine-like,  called  the  chitinous  plate  by  Ritterschaus.  It  is  directed  meso- 
distad.  Immediately  mesad  of  the  chitinous  plate,  and  apparently  partly 
underlying  it,  is  a  broader,  less  heavily  chitinous  area  pointing  in  the  same 
direction  and  covered  with  long,  slender  spines  (Fig,  69).  In  cleared  speci- 
mens, four  sense-cones  are  apparent,  which  are  intermediate  between  the 
sensillium  ampullaceum  and  sensillium  coeloconium  types.  Each  of  these 
consists  of  a  sunken,  fungiform  cone  which  connects  with  a  long,  somewhat 
bottle-shaped  canal.  The  central  stucture  containing  the  sense-cone  is 
called  the  "sense-cone"  by  Ritterschaus.  Theental  surface  of  the  clypeus, 
upon  which  we  find  the  chitinous  plate  and  the  area  bearing  the  sense-cones, 
is  called  the  "epigusta"  by  some  writers  (MacGillivray,  et  al.).  Just  behind 
the  sensory  area  is  a  long,  transverse,  strongly  bowed,  chitinous  bar.  All  of 
the  structures  betv/een  the  tormae  comprise  the  proximal  sensory  area. 

The  epipharynx  of  Phyllophaga  lanceolata  (Say)  (Fig.  26)  differs  in  some 
detail  from  the  common  epipharyngeal  form  found  in  this  genus,  the  most 
conspicuous  differences  being  a  more  nearly  symmetrical  outline  of  the 
labrum  and  the  presence  of  only  four  prominent  spines  in  the  distal  sensory 
area.  A  closely  allied  species,  P.  cribrosa  (Fig.  35),  is  of  the  typical  form, 
including  the  usual  number  of  spines  on  the  distal  sensory  area.    Another 


28  ILLINOIS  BIOLOGICAL  MONOGRAPHS  [112 

species,  P.  tristis  (Fig.  27),  differs  in  having  but  three  prominent  spines  in 
the  distal  sensory  area. 

In  the  genus  Polyphylla  (Fig.  25),  which  also  belongs  to  the  tribe  Melo- 
lonthini,  the  characters  are  quite  similar  to  those  of  Phyllophaga  except  for 
a  somewhat  different  arrangement  of  the  spines  on  the  distal  sensory  area. 
The  lateral  striae  are  also  shorter  and  less  distinct. 

Tribe  Macrodactylini. — The  epipharynx  of  Macrodactylus  subspinosus 
(Fab.)  (Fig.  28)  is  described  from  specimens  in  the  Davis  collection  of  the 
U,  S.  National  Museum.  The  labrum  is  asymmetrical,  with  a  single  emar- 
gination  of  the  distal  margin  slightly  to  the  right  of  the  median  line.  The 
margins,  both  lateral  and  distal,  are  provided  with  intermixed  long  and 
short  setae.  Lateral  striae  are  present  on  the  inner  surface  of  the  lateral 
margins.  Beginning  at  the  notch,  or  distal  emargination,  is  a  more  darkly 
chitinized,  irregular  plate,  which  extends  proximad  to  the  distal  sensory 
area.  In  this  area  is  a  group  of  pore-like  sensillia  arranged  in  an  irregular 
semicircle.  Some  of  the  sensillia  are  arranged  in  pairs.  From  this  same  area 
four  strong  spines  are  directed  toward  the  clypeo-labral  suture.  Between  the 
distal  sensory  area  and  the  clypeo-labral  suture  a  number  of  setae  are 
arranged  in  a  circle  with  a  non-setose  area  in  the  center.  The  tormae  are 
unequal  in  size,  the  left  one  being  considerably  smaller  than  the  right.  At 
the  end  of  the  left  torma  is  a  prominent  row  of  slender,- elongate  spines.  The 
right  torma  extends  nearly  to  the  median  line  where  the  sense-cone  of  the 
proximal  sensory  area  is  located.  In  some  specimens  the  cone  is  a  single 
tooth-like  structure,  while  in  others  it  appears  as  two  teeth  (Fig.  28). 

Rtitelinae 

Tribe  Anomalini. — The  epipharynx  of  Popillia  japonica  Newm.  is  quite 
similar  to  other  species  in  the  tribe.  Its  close  relationship  to  the  Melolon- 
thinae  is  shown  by  the  presence  of  the  lateral  striae,  which  occur  only  in 
these  two  groups,  and  by  the  resemblance  in  the  form  and  arrangement  of 
the  sensory  area  including  the  spines,  which,  however,  are  fewer  in  number 
than  in  the  Melolonthinae.  The  following  species  were  available  for  study: 
Popilla  japonica  (Fig.  41),  Strigodermu  arboricola  (Fig.  52),  Anomala  orient- 
alis  (Fig.  40),  A.  kansana  (Fig.  43),  A.  binotata  (Fig.  49),  and  A.  innuba 
(Fig.  46).  Except  for  some  variation  in  the  number  and  arrangement  of  the 
spines  of  the  various  species,  they  exhibit  rather  marked  uniformity  in 
structure.  The  same  can  be  said  of  Anomala  phyllopertha,  which  has  re- 
cently been  described  by  Ritterschaus  (1927).  Boving  (1921)  has  figured 
the  epipharynx  of  Popillia  japonica  but  has  not  given  a  detailed  description 
of  its  structure.  The  labrum  (Fig.  41)  is  strongly  asymmetrical,  as  in  the 
others  studied  in  this  tribe  except  Anomala  orientalis,  which  is  nearly 
symmetrical.  The  distal  margin  is  usually  produced  into  an  acute  lobe 
covered  with  rather  long  setae.    The  lateral  margins  are  strongly  rounded 
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and  bordered  with  short,  curved  setae,  at  the  bases  of  which  are  to  be  found 
the  lateral  striae,  and  with  a  few  extremely  long  setae  intermixed.  The  distal 
sensory  area  has  three  strong  spines  and  two  large  articulate  setae  which 
might  be  confused  with  the  fixed  spines.  At  the  bases  of  the  fixed  spines 
there  are  about  eight  sensillia  arranged  in  a  curved  line.  Between  the  distal 
sensory  area  and  the  clypeo-labral  suture  numerous  smaller  setae  are  cir- 
cularly arranged  with  the  customary,  smooth,  non-setaceous,  central  area. 
The  tormae  are  of  nearly  equal  size  and  do  not  reach  the  median  line.  At 
the  mesal  end  of  the  right  torma  a  pointed,  chitinous  plate  and  a  tubercle- 
like  sense-cone  comprise  the  proximal  sensory  area.  Two  pore-like  clypeal 
sensillia  are  to  be  found  in  the  cleared  area  mesad  of  the  sense-cone  and 
proximad  of  the  distal  end  of  the  left  torma.  Latero-proximad  of  these 
pores  are  a  number  of  minute  spinules  only  noticeable  under  high  magnifi- 
cation. 

Tribe  Rutelini. — Three  species  of  this  tribe  were  studied.  They  differ 
strikingly  from  the  tribe  Anomalini  of  the  same  subfamily  and  exhibit 
affinities  toward  the  Dynastinae.  Polymoechus  brevipes  Lee.  (Fig.  47)  is 
decidedly  irregular  in  outline;  Pelidnota  punctata  (L.)  (Fig.  44)  is  more 
regular  and  is  wider  than  long;  while  Cotalpa  lanigera  (L.)  (Fig.  50)  is 
longer  than  wide.  The  arrangement  of  the  distal  sensory  area  is  sometimes 
hard  to  make  out.  It  varies  more  markedly  than  in  the  Anomalini.  In 
Cotalpa  the  general  form  is  only  slightly  asymmetrical,  the  sides  are 
gradually  rounded  and  no  prominent  lobes  or  emarginations  are  formed. 
The  lateral  margins  are  covered  with  curved  setae  which  are  comparatively 
short  in  the  proximal  region  but  become  longer  distally.  No  lateral  striae 
are  present.  The  distal  sensory  area  is  composed  of  a  single  chitinous  struc- 
ture produced  into  a  point  resembling  a  spine.  Proximad  of  this  structure 
are  a  few  strong,  spine-like,  articulated  setae.  They  are  directed  toward  the 
clypeus,  while  the  remaining  setae  covering  the  epipharynx  are  directed 
toward  the  meson  with  a  smooth  area  in  the  middle.  The  tormae  are  irregu- 
lar, the  left  one  being  curved  distad  while  the  right  lies  transversely.  A 
fold  in  the  integument  at  the  mesal  end  of  the  left  torma  makes  this  torma 
appear  much  longer  than  it  is.  At  the  end  of  the  right  torma  is  the  proximal 
sensory  area,  composed  of  a  minute,  triangular,  chitinous  plate  and  a 
broadly  rounded  sense-cone. 

Dynastinae 

Tribe  Cyclocephalini . — The  epipharynx  of  Ochrosidia  immaculata  (Oliv.) 
(Fig.  53)  is  characterized  by  the  absence  of  lateral  striae  along  the  ental 
surface  of  the  lateral  margins  and  by  the  presence  of  two  broad  chitinous 
spines  in  the  distal  sensory  area.  The  right  spine  is  nearly  twice  as  broad  as 
the  left,  and  its  apex  is  more  rounded.  In  cleared  specimens  three  sense- 
cones  can  be  distinguished  in  this  spine.  The  left  spine  is  more  pointed  and 
has  at  least  one  sense-cone  in  it.    The  lateral  margins  of  the  labrum  are 


30  ILLINOIS  BIOLOGICAL  MOXOGRAPHS  [114 

comparatively  smooth  and  strongly  rounded.  They  bear  about  14  broad 
and  strongly  curved  setae  pointing  distally,  each  of  which  is  slightly  longer 
than  the  preceding  one.  The  distal  margin  is  more  rugose  and  is  armed  with 
a  group  of  long  setae.  Between  this  group  of  setae  and  the  spines  described 
above  there  is  a  small,  narrow,  somewhat  curved,  chitinous  plate,  or  ridge, 
which  lies  obliquely.  There  are  two  sense-cones  located  in  the  space  be- 
tween this  chitinous  structure  and  the  two  broad  spines.  A  large  series  of 
setae  of  various  sizes  lie  between  the  spines  and  the  clypeo-labral  suture. 
The  setae  are  inclined  in  all  directions  and  are  so  arranged  as  to  leave  a 
cleared  area  in  their  center. 

The  tormae  are  comparatively  short  and  decidedly  asymmetrical.  The 
torma  on  the  left  is  at  first  directed  proximad,  but  it  soon  makes  a  promi- 
nent bend  and  narrows  down  toward  its  extremity,  which  is  near  the  clypeo- 
labral  suture.  The  right  torma  is  at  first  curved  proximad  but  has  a  less 
conspicuous  curve,  so  that  it  extends  in  an  almost  transverse  direction.  At 
its  distal  end  in  the  proximal  sensory  area  on  the  clypeus  are  two  chitinous 
processes  pointing  distally.  The  one  almost  abutting  the  end  of  the  torma, 
and  slightly  overlapping  it,  is  the  larger.  This  is  the  chitinous  plate.  No 
sensillia  were  noted  in  it,  but  the  smaller  process  which  is  the  sense-cone 
shows  one  sensillium.  Scattered  throughout  the  large  central  group  of  setae 
are  a  number  of  very  small  dots  which  are  circular  in  outline  and  exhibit 
within  them  another  concentric  circle.  These  are  doubtless  pore-like  sensil- 
lia. 

Representatives  of  three  other  of  the  five  North  American  tribes  of  this 
subfamily  have  been  studied— Ligyrodes  {Ligyrus)  relidus  (Say)  (Fig.  42) 
and  Ligyrus  gibbosus  DeGeer  (Fig.  45)  of  the  Pentodontini,  Strategus  antaeus 
(Fab.)  (Fig.  48)  of  the  Oryctini,  and  Dynastes  tityriis  (L.)  (fig.  54)  of  the 
Dynastini,  They  differ  from  Ochrosidia  imniactdata  principally  in  that  the 
chitinous  portion  of  the  distal  sensory  area  is  produced  into  a  single  point, 
except  in  Dynastes  which  has  two  projections  located  much  closer  to  the 
margin  and  much  larger  proportionally  than  in  Ochrosidia. 

Cetoniinae 

Tribe  Gymnetini. — The  Cetoniinae  are  characterized  by  having  the 
labrum  symmetrical  and  usually  biemarginate  and  trilobed.  The  distal 
sensory  area  is  composed  of  a  group  of  comparatively  short,  strongly  curved 
setae  which  are  stouter  than  the  remaining  setae.  In  a  few  species  (Osmo- 
derma  et  al.)  these  setae  are  apparently  not  articulate  and,  as  such,  are 
considered  as  spines. 

In  Cotinis  nitida  (L.)  (Fig.  59)  the  labrum  is  deeply  biemarginate  on  its 
ectal  surface  but  not  strongly  so  on  the  ental  aspect.  The  trilobed  condition 
of  the  epipharynx,  therefore,  is  not  strongly  marked.  The  lateral  lobes  have 
a  few  short  setae,  which  become  more  numerous  and  longer  distally.    The 
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median  lobe  has  only  a  few  long  setae.  It  is  marked  off  internally  on  its 
lateral  areas  by  a  darkly  chitinized  band  extending  on  each  side  from  the 
margin  to  the  distal  sensory  area.  Between  these  bands  and  at  the  base  of 
the  circular  row  of  setae  are  two  pore-like  sensillia.  The  circular  row  is 
composed  of  about  15  setae,  and  proximad  of  these  are  other  setae  of 
similar  size.  The  remaining  surface  of  the  epipharynx  is  covered  with 
longer  and  more  slender  setae  which  become  shorter  laterally.  There  is  left 
on  the  central  disk  a  comparatively  small  area  devoid  of  setae.  The  tormae 
are  shorter  than  in  most  groups,  and  the  right  one  is  a  little  longer  than 
the  left.  Between  them  in  the  distal  sensory  area  is  a  single  large  sense- 
cone.  The  chitinous  plate  of  this  area  is  absent.  Some  distance  proximad 
of  this  sense-cone  are  two  pore-like  clypeal  sensillia. 

Among  the  other  species  studied  in  this  subfamily,  Trichiotinus  piger 
(Fab.)  (Fig.  66)  is  the  only  one  that  differs  radically  from  others  of  the 
group.  It  was  studied  in  a  first  instar  larva.  It  does  not  show  the  trilobed 
feature,  nor  is  the  circular  row  of  setae  in  the  distal  sensory  area  as  marked, 
Cremastocheilus  sp.  (Fig.  65)  was  studied  from  a  cast  skin  in  which  the 
epipharynx  is  nearly  devoid  of  setae,  apparently  because  they  were  rubbed 
off,  since  numerous  trichopores  are  present  having  the  characteristic  ar- 
rangement of  the  group.  A  single  sense-cone  is  present  in  the  proximal  sen- 
sory area.  Three  species  of  Euphoria  (Fig.  57,  60,  63)  are  markedly  similar, 
while  Stephanucha  pilipennis  Kr.  (Fig.  68)  appears  to  lack  the  sense-cone 
of  the  proximal  sensory  area  and  has  the  setae  of  the  distal  sensory  area 
more  obliquely  curved. 

Trogidae 

This  subfamily  of  Scarabaeidae  has  recently  been  raised  to  family  rank. 
Tillyard  (1926)  has  pointed  out  in  his  book,  "Insects  of  Australia  and 
NewZealand,"that  the  Trogidae  are  intermediate  between  the  Scarabaeidae 
and  Lucanidae.  This  is  also  apparent  in  the  larvae  in  the  condition  of  the 
stridulating  apparatus  of  the  meso-  and  metathoracic  legs  and  the  feebly 
trilobed  anal  area,  which  suggest  relationships  to  the  Lucanidae. 

The  epipharynx  of  Trox  sp.  (Fig.  39)  is  symmetrical  and  neither  tri- 
lobed nor  emarginate.  Its  lateral  margins  are  almost  devoid  of  setae  except 
distally  where  five  or  six  large  setae  are  continuous  with  those  of  the  distal 
margin.  The  median  distal  margin  is  produced  into  four  conspicuous 
tubercles,  each  of  which  bears  a  strong  seta.  The  distal  sensory  area  is 
indistinct,  and  in  the  specimens  examined  its  detail  is  hard  to  distinguish. 
Only  a  few  setae  are  scattered  over  the  lateral  lobes,  about  four  on  each 
lobe.  The  central  area  is  darkened  in  the  specimens,  and  no  detail  can  be 
made  out.  The  tormae  are  small,  the  right  one  being  the  larger.  No  detail 
of,  or  evidence  of,  a  proximal  sensory  area  is  apparent. 
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Lucanidae 

The  subfamily  Dorcinae  (Fig.  30),  represented  in  the  University  of  Illi- 
nois collection  by  some  larvae  labeled  Dorcus  sp.  with  no  other  data,  lacks 
the  prominent  circle  of  spines  found  in  Sinodendron  and  is  more  setaceous 
both  on  its  distal  margin  and  its  ental  surface.  The  distal  lobes  are  not  so 
strongly  evident,  the  emarginations  being  not  so  marked.  The  distal  mar- 
gin is  densely  setaceous,  but  the  lateral  margins  are  nearly  bare  of  setae. 
The  general  shape  of  the  labrum  is  much  like  Sinodendron,  being  somewhat 
subquadrate.  The  entire  ental  surface  is  sparsely  set  with  short  setae  inter- 
spersed with  small  pores  which  may  be  sensillia  but  also  may  be  the  tri- 
chopores,  or  alveoli,  of  setae  which  have  been  broken.  No  circular  area  of 
spines  is  present,  but  near  the  middle  of  one  specimen  is  a  semi-circular 
depression  which  does  not  appear  to  be  a  normal  structure.  The  tormae  are 
strongly  curved  at  the  lateral  margin.  They  extend  transversely  mesad  to 
unite  on  the  middle  line,  where  another  chitinous  process  projects  distad 
along  the  mesal  line  a  little  more  than  one-third  the  distance  of  the  labrum. 
Behind  the  fused  tormae  is  a  long,  narrow  sense-cone  which  is  somewhat 
rounded  distally  and  which  ends  caudally  in  three  parts.  Three,  small, 
cleared  areas  near  its  distal  end  may  be  sensillia.  On  the  left  side  of  this 
structure  is  a  much  smaller,  more  transparent,  chitinous  plate,  the  distal 
end  of  which  is  rounded.  On  the  right  side  of  the  sense-cone  is  a  much 
larger,  backward-pointing,  chitinous  plate  which  ends  in  a  sharp  point.  No 
trace  of  sense-cones  is  evident  in  these  lateral  processes. 

Aesalinae. — The  general  shape  of  the  labrum  of  Sinodendron  rugosum 
Mann  (Fig.  33)  is  subquadrate.  Its  lateral  margins  are  smooth,  non-setose, 
and  slightly  divergent  toward  the  distal  end,  where  they  round  off  to  form 
the  distal  margin,  which  is  slightly  three-lobed,  the  lobing  being  produced 
by  two  emarginations,  one  on  each  side  of  the  meson.  The  central  lobe 
bears  four  setae  on  its  margin  and  two  others  that  are  submarginal.  Each  of 
these  setae  arise  from  a  small  papilla.  On  the  ental  surface  the  median  lobe 
is  rather  strongly  convex.  On  the  left  of  the  meson  behind  the  setae  is  a 
slight,  chitinous  spine  which  is  frequently  hard  to  find.  Overlapping  the 
median  lobe  and  extending  to  the  clypeo-labral  suture  is  a  prominent, 
almost  circular  row  of  spines  enclosing  a  slightly  depressed,  smooth  area. 
The  lateral  lobes  of  the  distal  margin  bear  five  or  six  setae,  in  one  specimen 
five,  on  the  right  lobe  and  six  on  the  left  lobe.  The  rest  of  the  epipharynx 
is  smooth.  The  tormae  are  stout  on  the  lateral  margins.  A  pointed  process 
extends  meso-distally  while  another  transverse  process  meets  a  similar  one 
from  the  other  side  to  fuse  mesally  where  a  pointed  projection  extends 
distally  along  the  meson  into  the  clear  area  surrounded  by  the  circle 
spines.  On  the  clypeus,  proximad  of  the  central  chitinized  process  of  the 
tormae,  are  two  chitinized  plates  somewhat  setaceous  on  their  distal  ends, 
and  between  these  is  a  long  tooth-like  process.    No  sensillia,  as  found  in 
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Phyllophaga,  can  be  made  out  in  these  processes  even  with  the  oil-immer- 
sion lens.  The  setaceous  distal  ends  of  the  lateral  plates  are  probably  sen- 
sory, while  the  central  process  shows  under  high  power  a  clear  central  area 
that  may  be  thinner  and  may  serve  in  a  sensory  capacity. 

Passalidae 

The  epipharynx  of  Passalus  cornutus  Fab.  (Fig.  36)  is  trilobed  and 
nearly  symmetrical.  The  lateral  lobes  are  clothed  with  a  mixture  of  long 
and  short  setae,  but  the  median  lobe  has  only  seven  setae  on  its  margin  and 
is  bare  of  setae  on  the  ental  aspect  nearly  to  the  middle  of  the  epipharynx, 
where  there  are  two  rather  well  defined  curved  rows  of  short  setae,  with 
their  apices  directed  distally — not  as  in  the  epipharynx  of  other  species 
studied — and  laterad  of  these  rows  are  a  number  of  long  setae  with  their 
tips  directed  mesally.  No  sensillia  have  been  found,  but  closer  study  of  the 
distal  margin  of  the  median  lobe  may  reveal  their  presence.  The  tormae  are 
unequal  in  size,  the  left  being  the  larger.  They  are  comparatively  small. 
The  present  description  is  made  from  the  specimen  shown  in  Figure  3, 
Other  specimens  show  the  setae  of  the  median  area  to  be  arranged  some- 
what differently. 

Mandibles 

The  mandibles  (Fig.  70  to  89)  are  strongly  chitinized  and  somewhat 
longer  than  wide.  The  distal  area  is  usually  much  darker  than  the  proximal 
area,  which  is  generally  of  the  same  color  as  the  head.  A  given  species  may 
exhibit  a  marked  difference  in  the  shape  of  the  right  and  left  mandible. 
Ferris  (1877,  p.  93)  points  out  that  they  are  usually  provided  with  teeth, 
having  two  teeth  on  the  right  mandible  and  three  on  the  left  as  a  rule.  The 
mandibles  exhibit  two  distinct  regions,  a  proximal  and  a  distal  area.  Boving 
(1921)  has  termed  the  proximal  region  the  manducatorial  region,  or  the 
grinding  area  (also  called  the  molar  area,  Fig.  81,  mo),  and  the  distal  part 
the  scissorial  region  (sc),  or  cutting  area.  The  molar  area  of  the  left  man- 
dible is,  as  a  rule,  larger  than  that  of  the  right  mandible.  Behind  the  molar 
area  is  a  thinly  chitinous,  setaceous  area,  the  acia  (ac).  This  appears  to  arise 
on  the  ventral  aspect,  where  it  can  be  observed  that  the  right  acia  is  long 
and  pointed  while  the  left  one  is  shorter  and  more  rounded.  On  the  dorsal 
aspect  (Fig.  70)  is  the  acetabulum,  or  preartis  (pa),  by  which  the  mandible 
articulates  with  the  condyle,  or  precoila,  at  the  ends  of  the  fronto-clypeal 
suture.  An  enlarged  sketch  of  this  articulation  is  shown  in  Figure  77,  in 
which  the  preartis  is  seen  to  articulate  with  a  condylar  precoila  (pel).  The 
lateral  aspect  of  each  mandible  presents  a  flattened  surface,  or  scrobe  (sb), 
bearing  a  few  setae. 

The  cephalic  or  anterior  surface  of  the  mandibles  (Fig.  70  to  80)  presents, 
on  the  whole,  a  convex  contour,  and  in  all  but  Canthon  laevis  and  a  few 
others  it  shows  two  distinct  regions  limited  by  a  ridge,  which  is  represented 
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by  the  dotted  lines  in  the  drawings.  This  ridge,  and  in  most  cases  a  change 
of  contour,  indicates  the  areas  covered  and  uncovered  by  the  labrum  when 
the  mandibles  are  in  repose. 

The  caudal  surface  of  the  mandibles  (Fig.  81  to  89)  presents  the  notched 
aspect  of  the  scissorial  area  {sc)  in  much  the  same  manner  as  the  cephalic 
aspect  but  possesses  in  some  species  a  transversely  striated  area  {sa)  in  the 
■form  of  an  oval.  This  is  part  of  a  so-called  stridulating  apparatus  which 
occurs  in  a  number  of  scarabaeid  larvae  and  has  been  described  by  Schiodte 
(1874)  and  others.  Opposed  to  this  series  of  transverse  striations  on  the 
maxillae  is  a  variable  number  of  stridulating  teeth  (Fig.  97,  113,  106  ms) 
which  will  be  described  in  connection  with  the  maxillae. 

On  the  caudal  aspect  of  the  molar  area  can  be  noted  the  acia  {ac), 
described  above,  and  in  addition,  on  the  right  mandible  (Fig.  81),  a  some- 
what rounded,  lobe-like  structure  which  is  apparently  absent  on  the  oppo- 
site mandible  and  which  overlaps  the  hypopharynx  when  the  mandible  is 
closed.  This  lobe  plays  an  important  role  in  the  grinding  of  food.  It  will  be 
mentioned  later  in  connection  with  the  hypopharynx.  This  aspect  presents 
a  condylar  articulation,  the  postartis  {pta),  on  each  mandible,  which  articu- 
lates, as  seen  in  Fig.  109,  with  an  acetabular  postcoila  {ptc)  located  on  the 
gena.  Attached  to  each  mandible,  but  shown  in  only  a  few  sketches  (Fig. 
70,  81,  89),  are  two  chitinous  processes  for  the  attachment  of  muscles, 
which  have  been  described  as  tendons.  The  mesal  tendon  has  been  termed 
the  rectotendon  (r/)  and  the  lateral  one  the  extensotendon  {et).  The  right 
mandible  of  Canthon  laevis  (Fig.  78,  85)  has  the  scissorial  area  prolonged 
into  a  narrow  blade  with  no  emarginations  forming  teeth.  The  left  mandible 
(Fig.  78,  85)  has  the  regions  notched  to  form  three  strong  and  quite  distinct 
teeth,  and  the  manducatorial  area  has  a  single  tooth  larger  than  the  others 
and  truncate  at  the  end.  The  same  area  on  the  right  mandible  lacks  the 
tooth,  but  the  whole  is  produced  into  a  convex  grinding  area  that  fits  into 
the  concave  grinding  area  of  the  left  mandible.  This  species  bears  a  series 
of  small  rugosities  in  place  of  the  ovate  series  of  transverse,  stridulating 
striae. 

The  shape  of  the  mandibles  in  Canthon  ebenus  is  not  the  same  as  in  C. 
laevis.  The  right  mandible  has  two  teeth,  and  the  left  has  three,  on  the 
scissorial  area.  Onthophagus  pennsylvanicus  seems  to  resemble  C,  laevis 
more  closely.  The  right  mandible  has  a  long  narrow  scissorial  tooth,  while 
the  left  has  three,  and  the  manducatorial  area  has  one  large  truncate  tooth. 
The  scissorial  area  of  the  right  mandible  of  Phyllophaga  crassissima  (Fig. 
76,  84)  is  a  long  blade-like  structure  devoid  of  any  notches  producing  teeth. 
The  manducatorial  area  is  comparatively  small,  compared  to  that  of  the 
left,  and  is  somewhat  concave  when  viewed  on  the  dorsal  aspect.  The 
scissorial  area  of  the  left  mandible  (Fig.  76,  84)  is  stouter  than  the  right  and 
from  the  dorsal  aspect  presents,  on  the  inner  side,  an  irregular  margin 


119]  LARVAL  SC ARAB AEOIDEA -HAYES  35 

scarcely  strong  enough  to  be  called  toothed.  When  viewed  from  the  ventral 
side,  there  appear  two  rather  prominent  teeth  on  the  cutting  edge.  The 
grinding  area  is  much  stouter  on  the  left  and  bears  near  its  base  a  strong 
tooth.  Phyllophaga  lanceolata  differs  from  P.  crassissima  in  having  a  promi- 
nent tooth  on  the  scissorial  area  of  the  right  mandible  and  two  somewhat 
less  conspicuous  teeth  on  the  left.  The  same  difference  in  size  of  the  molar 
area  is  here  noted  as  in  P.  crassissima.  As  in  the  Coprinae,  the  transverse, 
stridulating  striae  are  replaced  by  a  slightly  rugose  surface. 

In  Diplotaxis  the  right  scissorial  area  is  long  and  blade-like  with  a  single 
prominent  tooth,  and  the  manducatorial  area  is  small,  compared  to  that  of 
the  scissorial  region.  The  scissorial  area  of  the  left  mandible  is  proportion- 
ately more  slender  and  ends  in  a  sharp  point.  There  are  two  conspicuous 
teeth  on  the  inner  edge,  and  the  manducatorial  region  is  produced  to  form 
a  rather  noticeable  tooth  near  its  cephalic  margin.  The  scissorial  and  molar 
areas  of  Cotalpa  lanigera  (Fig.  74,  83)  are  proportionately  much  stouter  than 
in  the  species  of  the  Melolonthinae  studied.  The  right  scissorial  area  has  a 
serated  inner  edge,  and  the  tip  end  is  broadly  obtuse.  The  grinding  area  is 
somewhat  smaller  in  the  left  mandible  and  bears  three  conspicuously 
elevated  grinding  surfaces.  The  scissorial  region  of  the  left  mandible  has  a 
small  tooth  on  the  cutting  edge,  which  is  rather  sharp,  and  the  molar  sur- 
face presents  quite  an  irregular  margin,  thus  differing  somewhat  from  the 
right  mandible. 

In  Polymoechus  hrevipes  the  scissorial  region  is  quite  similar  in  both 
mandibles.  The  area  ends  in  a  rather  sharp  point,  near  the  tip  of  which 
there  is  a  single  sharp  tooth.  The  molar  areas  are  of  approximately  the 
same  size  on  both  mandibles,  but  one  is  slightly  concave  to  fit  the  convexity 
of  the  other.  The  right  scissorial  area  of  Anomala  binotata  is  comparatively 
smooth  on  the  inner  edge,  no  teeth  being  present,  and  the  structure  has  a 
rather  truncate  termination.  The  left  mandible  is  likewise  truncate,  but 
its  cutting  edge  bears  two  teeth,  one  rather  obtuse  and  the  other  acute.  The 
right  molar  surface  is  rather  flat  and  smooth  and  about  the  same  size  as  the 
left.  In  Anomala  aenea,  figured  by  Schiodte,  both  the  scissorial  areas  end 
acutely  and  the  inner  cutting  edges  each  bear  a  single  tooth.  All  Rutelinae 
studied  have  an  ovate  series  of  transverse  stridulating  striae.  The  mandibles 
of  Ligyrus  gibbosus  (Fig.  75,  88)  are  quite  dissimilar  in  shape.  The  right 
scissorial  area  has  a  smooth  cutting  edge  and  is  truncate  on  the  end.  The 
left  is  rounded  at  the  tip,  and  the  cutting  edge  bears  three  rather  obtuse 
teeth.  The  grinding  regions  are  approximately  the  same  size,  but  the  left 
bears  a  tooth,  as  in  Phyllophaga  crassissima,  which  is  lacking  on  the  right 
molar  surface.  Ligyrodes  relickis  has  two  obtuse  teeth  on  the  cutting  edge 
of  the  mandible.  The  right  is  truncate  and  the  left  is  broadly  rounded  as  in 
L.  gibbosus.  Likewise  the  grinding  areas  are  similar  to  those  of  L.  gibbosus, 
and  the  whole  mandible  is  proportionately  broader  and  stouter.   The  man- 
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dibles  of  Ochrosidia  immaculata  are  acutely  pointed  and  more  slender,  and 
the  cutting  edge  of  the  left  bears  two  teeth,  one  of  which  is  obtuse  and  the 
other  acute,  while  the  grinding  surface  has  numerous  teeth  with  an  espe- 
cially large  one  at  the  cephalic  margin.  The  right  scissorial  area  is  acutely 
pointed,  and  the  inner  edge  has  one  conspicuous  tooth  that  is  obtusely 
pointed.  This  subfamily  has  the  transverse  stridulating  striae  on  the  caudal 
aspect.  The  mandibles  of  Euphoria  inda  (Fig.  73,  82)  are  proportionately 
shorter  than  in  the  other  groups  except  the  Coprinae.  The  right  scissorial 
region  is  notched  at  the  end,  giving  the  appearance  of  a  broadly  truncated 
tooth  and  a  small,  somewhat  acute  tooth.  The  molar  area  is  larger  than 
the  cutting  region.  It  is  slightly  concave  and  has  two  teeth.  The  left 
scissorial  area  is  truncate  at  the  end  and  has  two  large  teeth  on  the  cutting 
edge,  while  the  manducatorial  area  is  convex  and  bears  three  broad,  short, 
grinding  teeth.  All  Cetoniinae,  as  far  as  known,  have  an  oval  stridulating 
area  on  the  caudal  aspect.  In  the  specimens  studied  of  the  genus  Trox 
(probably  T.  unistriatus  Beauv.),  the  mandibles  do  not  differ  strikingly 
from  those  of  other  genera  previously  described.  The  stridulating  area  on 
the  caudal  surface  is  not  present.  The  scissorial  area  of  the  right  mandible 
presents  a  long  terminal  tooth  and  another  formed  by  a  small  notch  on  the 
mesal  margin.  The  molar  area  on  this  mandible  consists  of  one  large, 
broad  tooth  and  a  smaller,  but  longer,  isolated  tooth  distad  of  the  larger  one. 
The  scrobe  bears  a  conspicuous  ridge,  or  carina.  The  left  mandible  is  quite 
similar  in  the  scissorial  area,  and  the  molar  area  differs  but  little  in  size. 
Practically  the  entire  structure  is  very  darkly  colored.  In  Sinodendron 
rugosum  Mann  (Fig.  80)  the  mandibles  are  entirely  black  in  color.  They 
are,  as  in  the  others,  asymmetrical.  The  distal  end  of  the  scissorial  area  of 
the  left  mandible  bears  three  teeth,  which  are  nearly  subequal,  while  the 
right  has  but  two,  of  which  the  terminal  one  is  longer  and  more  slender  than 
the  adjacent  one.  The  molar  area  of  the  left  mandible  is  larger  than  that  on 
the  right.  The  stridulating  area  is  absent.  In  Ceruchus  piceiis  (Web.)  the 
dentation  of  the  scissorial  area  is  similar  to  Sinodendron,  and  the  opposing 
molar  areas  are  dissimilar  in  shape  and  size.  Specimens  of  the  genus  Dorcus 
show  no  striking  differences  from  Ceruchus  and  Sinodendron.  In  both  Ceru- 
chus and  Dorcus  no  stridulating  area  is  present  on  the  caudal  aspect. 
Perris  (1877,  pi.  5,  fig.  157)  shows  a  right  mandible  of  Lucanus  with  three 
terminal  teeth  and  no  stridulating  surface,  thus  corresponding  to  the  genera 
here  described.  The  mandibles  of  Passahis  cornutus  differ  considerably  from 
those  of  the  Lucanidae  (Fig.  79,  89).  The  terminal  teeth  of  the  scissorial 
area  are  three  in  number  on  both  mandibles,  and  the  molar  area  is  nearly 
similar  on  both.  It  consists  of  a  broad,  cup-like  tooth,  which  is  strongly 
depressed  on  the  mesal  aspect.  Both  more  nearly  approach  each  other  in 
symmetry  than  in  any  other  members  of  the  superfamily.  The  stridulating 
surface  on  the  caudal  aspect  is  lacking. 
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Maxillae 

The  maxillae  (Fig.  97  to  100  and  103  to  104)  present  the  usual  number 
of  parts  found  in  a  chewing  type  except  that  the  galea  and  lacinia  may  or 
may  not  be  fused  to  form  the  single  structure  known  as  the  mala  (w).  The 
cardo  (cd)  articulates  with  the  postgena  (eg)  (Fig.  109)  by  an  articular 
acetabulum,  the  parartis  (pra),  which  fits  into  the  paracoila  (pre)  located  on 
the  postgena.  There  are  two  divisions  of  the  cardo,  a  subcardo  (sc)  which 
bears  the  articulation  and  an  alacardo  (ac)  lying  between  the  subcardo  and 
the  stipes.  The  stipes  (s)  is  quadrilateral  in  outline  on  the  caudal  aspect, 
except  at  its  distal  end  where  it  is  fused  to  the  mala,  while  on  the  cephalic 
aspect  it  is  not  separated  from  the  maia.  The  palpifer  (pf)  is  borne  on  the 
dorso-lateral  margin  of  the  stipes.  On  the  mesal  margin  is  a  narrowly 
elongate  sclerite,  the  parastipes  (ps),  or  subgalea  of  many  authors.  A  mem- 
brane termed  the  labacoria  (Ic)  by  MacGillivray  (1923)  is  attached  to  the 
inner  margin  of  the  cardo,  parastipes,  and  stipes.  This  membrane  attaches 
to  the  labium  and  helps  close  the  oral  aperture.  The  mala  (w)  is  densely 
setaceous  and  distally  bears  a  series  of  strong  spines  (Fig.  115  to  117). 
In  many  larvae  of  the  coprophagous  Scarabaeidae,  all  the  Lucanidae, 
Passalidae,  and  Trogidae,  the  lacinia  and  galea  are  distinctly  separate  and 
show  no  traces  of  fusion.  The  series  of  teeth-like  structures  found  on  the 
cephalic  aspect  are  variable  in  number  (Fig.  Ill  to  114  and  118,  119,  124, 
125; ,  there  being  usually  more  on  the  right  than  on  the  left  maxilla  (Fig. 
112).  These  teeth  may  point  and  curve  toward  the  distal  extremity  of  the 
stipes  or  may  be  short,  blunt,  and  not  curved  (Fig.  113,  118).  They  usually 
lie  in  opposition  to  the  oval,  file-like  area  on  the  mandible  (Fig.  81,  88). 
These  stridulating  structures,  if  such  they  be,  have  been  described  by 
Schiodte  (1874),  who  asserts  that  the  teeth  of  the  maxillae  differ  in  number 
and  form  according  to  the  genera,  and  further  notes  that  they  vary  in 
number  from  five  to  twenty,  sometimes  being  straight  but  more  often  being 
extremely  sharp  and  curved.  The  maxillary  palpi  (mp)  are  three-  or  four- 
segmented. 

The  cephalic  aspect  of  the  maxillae  (Fig.  97  to  100,  103,  104)  is  slightly 
different  from  the  ventral  aspect  and  will,  therefore, be  described  separately. 
The  cardo  is  large  and  subquadrate  in  all  the  genera  figured.  The  stipes  is 
limited  by  a  suture  from  the  cardo  and  may,  or  may  not,  be  differentiated 
from  the  galea,  while  on  the  ventral  surface  there  usually  appears  a  suture 
separating  the  stipes  and  galea.  The  maxillary  lobes  (galea  and  lacinia)  are 
separate  or  bifed  in  some  of  the  genera,  while  in  others  there  is  a  deep 
longitudinal  sulcus  which  is  the  limiting  line  between  the  two  parts. 

In  the  Coprinae  {Canthon  laevis,  Fig.  98)  the  cardo  is  subquadrate  and 
has  a  longitudinal  suture  dividing  it  into  a  larger  and  a  smaller  area.  The 
stipes  likewise  is  subquadrate  and  bears  on  its  mesal  margin  the  lacinia 
which  terminates  in  a  single,  strong  tooth  (Fig.  117).  On  the  latero-anterior 
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margin  of  the  stipes  is  a  smaller  sclerite,  probably  the  palpifer  or  a  portion 
of  the  galea,  from  which  is  articulated  the  maxillary  palpus.  Distad  of  the 
palpifer  is  the  lobe-like  galea  which  is  rounded  at  the  end  and  bears  numer- 
ous setae.  Canthon  ebenus  also  has  the  two  regions,  galea  and  lacinia, 
separated.  The  same  is  true  of  Aphodius  (Fig.  100),  Onthophagus  pennsyl- 
vanicus,  all  the  Lucanidae,  Trogidae,  and  Passalidae  (Fig.  103). 

The  Melolonthinae,  Dynastinae,  Rutelinae,  and  Cetoniinae  present 
much  the  same  appearance  dorsally  and  will  not  be  described  separately. 
In  each  the  cardo  is  subquadrate;  the  stipes  and  galeae  are  not  separated; 
and  the  two  lobes,  galea  and  lacinia,  are  fused  but  are  limited  on  the  dorsum 
by  a  distinct  suture.  On  the  dorsum  of  the  stipes  are  the  stridulating  teeth 
which  lie  opposite  the  stridulating  areas  of  the  mandibles.  Concerning 
these  Schiodte  (1874)  says: 

"Les  dents  de  la  tige  des  mandibules  servant  k  racier  les  granulations  mandibulaires 
different  de  nombre  et  de  forme  selon  les  genres:  il  y  en  a  de  six  jusqu'a  vingt  etau  del^; 
quelquefois  elles  sont  droites  et  tresfortes,  mais  le  plus  souvent  elles  sont  extremement  aigues 
et  recourb6es  en  crochet." 

In  Canthon  laevis  (Fig.  119)  there  are  six,  large,  pointed  teeth  and  a 
number  of  very  minute  teeth  immediately  cephalad  of  the  larger  ones. 
Phyllophaga  crassissima  (Fig.  118)  has  fourteen  rather  blunt  or  quadrate 
teeth;  Ligyrus  gibbosus  (Fig.  124)  has  thirteen;  Euphoria  inda  (Fig.  125) 
has  six,  which  are  long  and  pointed;  while  in  Cotalpa  lanigera  (Fig.  114) 
only  five  rather  blunt  teeth  are  found.  These  teeth  have  been  observed 
only  in  the  Scarabaeidae. 

On  the  caudal  aspect  the  important  differences  from  those  of  the  cepha- 
lic are  the  sharp  delineation  of  the  stipes  from  the  galea,  the  absence  of  the 
longitudinal  sulcus  marking  the  fusion  of  the  galea  and  lacinia,  and  a  few 
indistinct  sutures  dividing  the  cardo  into  a  number  of  irregular  areas.  The 
galea  and  lacinia  of  Canthon  laevis  and  others  with  a  bifed  mala  are  separate 
as  on  the  cephalic  aspect,  while  the  two  are  completely  fused  in  other  groups. 
The  palpifer  is  distinctly  evident  in  most  species. 

The  spines  and  setae  found  on  the  galea  and  lacinia  are  shown  from 
the  mesal  aspect  in  Figures  115,  116,  117,  120,  and  121.  Upon  closer  study 
these  may  prove  of  decided  taxonomic  value.  The  stronger  spines  are 
termed  tmci  (singular-M«cM5)  by  Boving  (1921). 

Canthon  laevis  (Fig.  117)  has  on  the  terminal  end  of  the  lacinia  a  single 
uncus.  On  the  fused  lobes  of  Phyllophaga  crassissima  (Fig.  121),  there  are 
three  rows  of  unci,  with  four  to  six  teeth  per  row.  Ligyrus  gibbosus  (Fig. 
115)  has  a  single  terminal  uncus  and  two  others  standing  close  together. 
Euphoria  inda  (Fig.  120)  has  one  terminal  and  five  mesal  unci  and  a  number 
of  strong  setae. 

The  fusion  of  the  galea  and  lacinia  seems  to  be  typical  of  the  higher 
Scarabaeidae.   On  the  dorsal  surface  of  the  maxillae  there  remain  traces  of 
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this  fusion  indicated  by  the  longitudinal  sulcus.  This  condition  may  be 
correlated  with  the  food  habits.  The  families  Trogidae,  Lucanidae,  and 
Passalidae  (Fig.  103)  all  resemble  the  coprophagous  Scarabaeidae  in  having 
the  galea  and  lacinia  separated. 

Hypopharynx 

The  hypopharynx  consists  of  a  densely  setaceous  area  on  the  ental 
aspect  of  the  fused  glossae  and  paraglossae  and  a  strongly  chitinized  area 
(Fig.  128  to  132),  termed  by  Boving  {loc.  cit.)  the  hypopharyngeal  chitini- 
zation  {he).  The  hypopharyngeal  chitinization  (Fig.  134)  is  decidedly 
asymmetrical  and  somewhat  less  densely  chitinized  on  the  lateral  extremi- 
ties where  it  is  irregularly  inflexed  to  fit  snugly  against  the  molar  region  of 
the  mandibles  (Fig.  133)  and,  in  the  opinion  of  the  writer,  serves  as  an 
accessory  organ  of  mastication.  The  caudal  margin  of  the  chitinized  area 
is  continuous  with  the  pharynx  (Fig.  134),  which  is  probably  held  open  by 
rod-like  structures  extending  dorsally  to  the  epipharynx.  In  one  prepara- 
tion it  was  noticed  that  there  is  a  direct  connection  between  the  ental  aspect 
of  the  clypeus  and  the  hypopharynx.  These  connecting  bands,  of  what  ap- 
pear to  be  slightly  chitinized  membranes,  are  shown  in  Figure  91,  extending 
between  the  clypeus  {cl)  and  the  hypopharynx  {he).  On  the  dorsal  aspect, 
near  the  lateral  angles,  is  a  series  of  small  setae  which  are  similar  to  the 
structures  described  by  Carpenter  (1912)  as  the  maxillulae  which  Crampton 
asserts  are  homologous  to  the  crustacean  paragnatha. 

The  hypopharynx  consists  also  of  a  series  of  thickly  set  spines  located  on 
the  glossa.  They  vary  considerably  in  the  genera  studied.  Immediately 
behind  the  setae  is  the  heavily  chitinized,  assymetrical  hypopharyngeal 
chitinization  (Fig.  134).  The  setae  of  the  hypopharynx  of  Canthon  laevis 
(Fig.  130)  are  arranged  in  the  form  of  a  semicircle  and  seem  in  this  respect 
to  differ  entirely  from  the  other  genera  studied.  In  Phyllophaga  crassissitna 
(Fig.  131)  and  Ligyrus  gihhosus  (Fig.  132)  the  setae  are  arranged  in  a  circu- 
lar group,  with  their  points  directed  toward  the  center.  In  Cotalpa  lanigera 
(Fig.  128)  they  are  arranged  in  a  triangle,  and  most  of  them  are  pointed 
distally.  In  Euphoria  inda  (Fig.  129)  there  is  a  double  longitudinal  series, 
one  within  the  other,  of  setae  which  tend  to  converge  distally  and  which 
point  toward  the  median  line. 

The  hypopharyngeal  chitinization  of  the  higher  Scarabaeidae  is  quite 
similar  (Fig.  128  to  134).  Canthon  laevis  (Fig.  130)  differs  markedly. 
It  appears  to  have  the  chitinized  area  divided  into  two  irregular  structures 
both  of  which  are  more  heavily  chitinized  on  the  right  side.  The  structure 
in  the  other  four  genera  figured  is  obliquely  transverse  and  has  the  right 
side  produced  into  a  more  or  less  blunt  end  which  is  more  heavily  chitinized. 
The  hypopharynx  of  the  families  other  than  the  Scarabaeidae  has  not  been 
carefully  studied.    In  the  Passalidae  and  Trogidae  it  is  more  simple,  not 
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being  as  heavily  chitinized,  while  in  the  Lucanidae  this  structure  is  more 
pronounced  and  approaches  the  higher  Scarabaeidae  in  degree  of  develop- 
ment. Further  study  of  the  hypopharynx  may  reveal  characters  of  tax- 
onomic  value  in  these  structures. 

Labium 

The  labium  (Fig.  92)  is  small  and  usually  concealed.  It  is  partly  covered 
on  its  lateral  margins  by  the  maxillae.  The  submentum  {sm)  is  large  and 
somewhat  quadrate.  It  is  bordered  laterally  by  the  maxillae  {mx).  A 
smaller,  narrow,  transverse  area  represents  the  mentum  {mt)  which  is 
sharply  dififerentiated  from  a  wider  transverse,  stipula  {si).  Laterally,  the 
stipula  may  be  prolonged  into  a  deflexed,  broadened  lobe  which  is  covered 
by  the  maxilla.  The  stipula  is  broadly  rounded  on  the  distal  margin.  It  is 
strongly  setose  and  bears  a  pair  of  small,  two-segmented  labial  palpi 
{Ip).  Since  the  labia  of  the  various  genera  differ  from  each  other  less  than 
any  other  structures  of  the  mouthparts,  they  are  not  given  extended  con- 
sideration, although  the  shape  of  the  various  parts  differs  somewhat,  as 
do  also  their  size  and  proportion. 

Thorax  and  Abdomen 
segmentation 

The  thorax  (Fig.  1  to  12)  consists  of  the  usual  three  segments,  each  of 
which,  except  in  the  Passalidae,  bears  a  well-developed  pair  of  jointed 
legs.  The  Passalidae  have  but  two  pairs  of  well-developed  legs  on  the  pro- 
and  mesothorax  and  a  greatly  reduced  pair  of  metathoracic  legs.  The 
prothorax  (Fig.  8,  /)  may  (Fig.  12),  or  may  not  (Fig.  1  and  3),  be  divided 
dorsally  into  two  or  three  annulets.  The  division  of  the  cephalic  annulets 
usually  does  not  extend  onto  the  pleuron.  Sometimes  a  small  area  of  the 
cervix  lying  in  front  of  the  cephalic  annulet  is  apparent,  depending  on  the 
degree  of  extension  or  retraction  of  the  head.  This  may  cause  the  pro- 
thoracic  segment  to  appear  broken  up  dorsally  into  four  annulets.  The 
cephalo-ventral  angle  of  the  propleuron  frequently  extends  forward  to 
partially  overlap  the  head  capsule.  The  propleuron  in  some  forms  (Trox, 
Fig.  7)  is  more  deeply  pigmented  and  slightly,  more  heavily  chitinized. 

The  meso-  and  metathorax  in  Passalidae  are  similar  to  the  prothorax 
in  not  being  divided  into  annulets.  In  all  other  species  noted  there  are  two 
or  three  annulets  present.  In  Pinotus  (Fig.  1)  but  two  annulets  occur,  while 
many  show  three  distinct  divisions.  Perris  (1877,  p.  94)  wrote  that  the 
meso-  and  metathorax,  in  those  species  with  annulets,  were  equally  divided 
by  a  single  fold  and  that  the  largest  division  was  anterior  in  the  mesothorax 
and  posterior  in  the  metathorax. 

The  number  of  abdominal  segments  is  variously  counted  as  nine  by 
some  workers  (Perris,  1877)  and  ten  by  others  (Boving,  1921),  In  Passalus 
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(Fig.  3)  there  are  ten  distinctly  evident  segments,  and  in  many  others 
(Anomala,  Fig.  8)  ten  can  be  easily  discerned.  Some  genera  such  as  Apho- 
dius  (Fig.  6)  and  Euphoria  (Fig.  11)  show  a  tendency  towards  a  coalescence 
of  the  ninth  and  tenth  segments.  The  first  eight  segments  of  Passalus  show 
a  slight  diagonal  depression  tending  towards  the  formation  of  a  small 
anterior  and  a  large  posterior  annulet.  The  Lucanidae  (Fig.  2)  and 
some  of  the  Scarabaeidae  (Fig.  1,  4)  show  but  slight  annulations.  The  first 
six  or  seven  segments  of  the  more  common  Scarabaeidae  are  thrown  into 
deep  folds,  forming  usually  three  distinct  annulets.  The  caudal  segments 
are  not  so  constricted.  The  integument  appears  stretched  and  often  is 
partly  transparent.  The  last  segment  has  been  called  the  "sac"  by  Erich- 
son  (1848),  which  is  a  term  that  is  used  by  some  European  workers  to 
designate  the  region  of  the  abdomen  behind  the  last  spiracle-bearing 
segment.  The  sac  on  its  dorsal  surface  is  usually  divided  by  a  transversely 
impressed  line  which  gives  in  many  groups  the  appearance  of  two  body 
segments  behind  the  last  spiracle-bearing  segment.  The  Cetoniinae  lack 
this  transverse  impression  and  appear  as  having  but  a  single  segment  be- 
hind the  segment  which  bears  the  posterior  spiracle. 

SETATION 

The  Passalidae,  Lucanidae,  and  some  Scarabaeidae,  such  as  Pinotus, 
are  sparsely  provided  with  setae  scattered  over  the  body.  They  are  usually 
lacking  in  short,  stiff  spines,  except  on  the  ventral  part  of  the  last  abdominal 
segment.  Most  of  the  Scarabaeidae  have  in  addition  to  the  scattered 
setae  a  varying  number  of  rows  of  short,  stiff  spines  that  are  more  notice- 
able on  the  dorsal  annulets  of  the  anterior  body  segments  and  become 
less  dense  on  the  posterior  segments.  Amphicoma  (Fig.  139)  is  especially 
densely  setaceous,  and  all  degrees  occur  between  its  condition  and  that 
of  Passalus.  The  setation  of  the  last  ventral  segment  presents  a  wide 
difference  in  the  arrangement  of  the  various  spines  and  setae  (Fig.  138 
to  191),  which  have  been  made  use  of  in  the  keys  in  the  taxonomic  section 
of  this  work.  These  will  be  described  under  the  term  "radula."  Arrow 
(1910,  p.  11)  points  out  that  the  spines  on  the  body  aid  in  progression  "and 
probably  also  render  the  grub  a  less  agreeable  article  of  food."  It  is  well 
known  that  many  Cetoniinae  do  not  use  their  legs  but  crawl  on  their  backs, 
and  in  this  they  are  aided  by  the  dorsal  spines. 

RADULA 

The  radula  (Fig.  138  to  191)  is  the  rake  made  up  of  the  spinose  and 
setose  area  located  on  the  ventral  aspect  of  the  last  abdominal  segment. 
The  function  of  this  structure  was  described  by  the  writer  (1927)  as  serving 
as  a  rake  to  clean  the  mouthparts.  Ritterschaus  in  a  paper  appearing  a  short 
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while  later  (1927)  suggests  the  same  function.  The  radula  may  or  may 
not  possess  a  median,  longitudinal,  double  row  of  non-articulating  spines, 
usually  recumbent,  and  with  their  apices  directed  toward  the  median  line. 
Frequent  use  of  the  presence  or  absence  of  this  character  is  made  in  tax- 
onomic  keys.  The  setae  of  the  radula  are  articulate  and  may  or  may  not 
be  hooked  at  their  tips.  This  group  of  setae  is  frequently  figured  by  workers 
with  white  grubs.  It  has  had  no  name  and  as  far  as  was  previously  known 
no  function  had  been  suggested  for  it.  In  a  study  of  the  digging  habits  of 
white  grubs  in  observation  cages  the  writer  has  frequently  noticed  the 
grubs  making  use  of  this  structure  to  rake  off  the  mouthparts,  which 
often  become  covered  with  soil  as  the  larvae  burrow  through  the  soil, 
especially  if  it  is  very  wet  and  sticky.  Since  the  general  term  "ventral 
aspect  of  the  last  abdominal  segment"  is  cumbersome,  it  is  preferable  to 
speak  of  it  as  the  rake,  or  radula.  The  radula  does  not  differ  strikingly  in  the 
second  or  third  instars,  but  in  the  first  instar  it  is  not  well  developed  and 
some  of  the  spines  and  setae  are  wanting. 

THORACIC  LEGS 

The  legs  (Fig.  101,  102,  135,  136,  137)  are  normally  three  pairs,  but 
Passalus  (Fig.  3,  137)  has  only  two  well-developed  pairs,  with  the  posterior 
or  metathoracic  pair  greatly  reduced  and  specialized  to  function  as  an  organ 
of  stridulation.  The  nature  of  this  organ  and  of  somewhat  similar  modifica- 
tions, but  without  reduction  in  size  of  the  metathoracic  leg,  as  occurring  in 
the  Lucanidae,  the  Trogidae,  and  some  Scarabaeidae  will  be  described  later 
when  the  stridulating  organs  are  discussed. 

Following  the  interpretation  of  the  parts  of  the  leg  (Fig.  101,  102)  as 
given  by  Boving  (1921)  in  his  description  of  the  Japanese  beetle,  we  find 
a  long,  cylindrical  coxa  (ex)  followed  by  a  short  trochanter  (tr).  The 
femur  (fm)  is  long  and  slightly  clavate,  while  the  next  segment  (tb)  is 
interpreted  as  the  tibia  with  the  tarsus  either  absent  or,  what  is  more 
probable,  fused  with  the  tibia,  since  this  structure  bears  the  single  tarsal 
claw  (cl).  Arrow  (1910,  p.  11)  considers  the  claw-bearing  segment  as  the 
"tibio-tarsus,"  assuming  that  the  two  parts  are  fused  into  the  one  part. 
It  is  difficult  to  say  what  part  is  homologous  to  the  small,  stridulating  leg 
of  the  metathorax  in  the  Passalidae.  In  the  Coprinae  no  tarsal  claw  is 
present. 

In  most  cases,  the  anterior  pair  of  legs  are  the  shortest,  the  intermediate 
pair  next  in  length,  and  the  last  pair  the  longest.  The  legs  are  not  used 
to  a  great  degree  in  walking  but  are  important  aids  in  digging  through  the 
soil.  As  pointed  out  previously,  the  Cetoniinae  do  not  use  their  legs  in 
walking  but  thrust  them  in  the  air  and  crawl  on  their  backs. 
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SPIRACLES 

The  spiracles  (Fig.  122,  123),  although  not  closely  studied,  are  probably 
characters  of  importance  for  the  larger  groups.  Boving  (1921)  has  de- 
scribed them  in  some  detail  for  Popilla  japonica  and  some  allied  forms, 
and  Boas  (1893)  has  written  concerning  the  histological  features  of  Euro- 
pean Melolonthinae.  Schiodte  (1874)  has  also  figured  the  minute  structure 
for  some  European  species.  Each  spiracle  is  usually  surrounded  by  a  well- 
defined  peritreme  {p).  The  peritreme  in  Trox  (Fig.  123)  is  not  so  well 
defined  and  does  not  resemble  that  of  other  species.  Normally  the  peri- 
treme is  a  half-moon  or  nearly  circular  in  form.  It  encloses  an  area  known 
as  the  bulla  {b).  The  peritreme  is  usually  provided  with  minute  openings 
or  pores.  (See  the  drawings  of  the  two  authors  cited  above.) 

The  thorax  has  but  one  pair  of  spiracles,  located  on  the  caudal  margin 
of  the  prothorax.  There  are  eight  pairs  of  abdominal  spiracles,  making 
nine  pairs  in  all.  The  meso-  and  metathorax  and  the  last  two  abdominal 
segments  are  without  spiracular  openings. 

The  arrangement  of  the  opening,  or  emargination,  of  the  peritreme 
diflFers  considerably  in  the  various  groups.  In  Passalus  (Fig.  3)  the  pro- 
thoracic  spiracle  has  the  open,  or  emarginate,  side  of  the  peritreme  on  its 
cephalic  margin;  while  in  the  succeeding  eight  segments  the  emargination 
is  on  the  caudal  margin.  In  most  of  the  Scarabaeidae  (Fig.  8  to  12)  the 
condition  found  in  Passalus  is  reversed;  i.e.,  the  emargination  of  the  pro- 
thoracic  spiracle  is  on  the  caudal  margin  and  the  remaining  spiracles  have 
the  peritreme  "open"  on  the  anterior  margin.  In  Pinotus  (Fig.  1)  and  other 
Coprinae  the  emargination  of  the  peritreme  of  all  spiracles  is  on  the  ventral 
margin.  In  Trox  (Fig.  123)  the  shape  of  the  area  surrounding  the  bulla 
is  markedly  different  from  other  species.  It  consists  of  an  indefinite  area 
dorso-ventrally  striated  and  having  no  definite  emargination  of  the  peri- 
treme. 

ANAL  ORIFICE 

The  anal  opening,  frequently  called  the  anal  slit,  is  usually  figured  in 
published  illustrations  of  the  radula.  It  differs  considerably  in  form  in  the 
various  groups,  and  some  use  of  this  is  made,  especially  with  the  Lucanidae, 
in  the  appended  taxonomic  keys.  Davis  (1916,  p.  266),  in  listing  the  various 
characters  of  scarabaeid  larvae,  refers  to  the  anal  slit  as  "obtuse"  or  "trans- 
verse." In  the  obtuse  slit  a  broad  angle  is  formed,  with  its  vertex  directed 
ventrally  (Fig.  156  to  189),  while  the  transverse  slit  is  nearly  straight  or 
slightly  rounded  (Fig.  143  to  150).  In  the  Trogidae  (Fig.  151)  itisY- 
shaped,  with  three  slits  converging  at  a  central  point.  This  type  represents 
an  intermediate  condition  between  that  found  in  the  Scarabaeidae  and 
in  the  Lucanidae.  In  Sinodendron  (Fig.  153)  and  Dorcus  (Fig.  154),  as 
well  as  others  of  the  family  Lucanidae,  the  anal  slit  is  made  up  of  three 
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slits,  as  in  Trox.  In  Dorcus  and  others  the  slits  are  surrounded  by  three 
more  or  less  conspicuous  lobes,  which  are  not  so  evident  in  Sinodendron 
and  Trox.  In  Passalus  (Fig,  152)  the  slit  consists  of  a  long  transverse 
opening  in  the  middle  of  which  is  a  short,  ventrally  directed  slit. 

Davis  (1916)  has  pointed  out  that  Phylophaga  and  Polyphylla  (Fig. 
141)  larvae  have  an  obtuse  anal  slit.  The  same  condition  is  found  in  Serica 
(Fig.  140)  and  Macrodactylus  (Fig.  142)  and  probably  holds  good  for  most 
of  the  subfamily  Melolonthinae.  Davis  writes:  "The  grubs  of  Anomala, 
Listochelus,  and  Phytalis  are  very  close  to  those  of  Lachnosterna  [Phyl- 
lophaga],  and  we  are  unable  to  satisfactorily  distinguish  between  grubs  of 
these  four  genera."  In  the  case  of  Anomala,  they  may  be  separated  from 
Phyllophaga  by  the  presence  of  a  transverse  instead  of  an  obtuse  anal 
slit.  Apparently  most  of  the  larvae  of  the  Scarabaeidae  have  a  trans- 
verse slit,  for  such  is  the  condition  of  the  specimens  examined  in  the  sub- 
families Rutelinae  (Fig.  144),  Dynastinae  (Fig.  145),  Cetoniinae  (Fig.  148 
to  150),  Aphodinae  (Fig.  138),  and  Glaphyrinae  (Fig.  139). 

It  is  of  interest  to  note  that  Riley  (1870,  p.  295)  in  a  description  of  the 
larva  of  Pelidnota  punctata  has  figured  the  anal  slit  of  some  lucanid  which 
occurs  in  decaying  wood  as  does  also  the  larva  of  Pelidnota  punctata. 
He  apparently  found  a  newly  transformed  adult  of  Pelidnota  which  he 
associated  with  the  larva  of  the  lucanid  that  is  figured  in  his  article. 

ORGANS  OF  STRIDULATION 

The  organs  of  stridulation  in  lamellicorn  larvae  are  of  two  types: 
those  of  the  mouthparts,  which  are  developed  on  the  mandibles  and 
maxillae;  and  those  of  the  legs,  in  which  the  middle  and  hind  legs  are 
modified  for  stridulation.  The  stridulating  organs  of  the  mouthparts  are 
confined  to  the  Scarabaeidae  and  differ  somewhat  in  some  of  the  sub- 
families. The  Lucanidae,  Trogidae,  and  Passallidae  have  no  stridulating 
organs  on  the  mouthparts  but  have  the  legs  modified  to  produce  sound. 
Schiodte  (1874)  was  the  first  to  describe  these  organs,  although  DeHaan 
(1836)  had  previously  figured  the  striae  on  the  mandibles.  Schiodte's 
description  of  these  structures  in  the  Scarabaeidae  is  as  follows: 

"Chez  les  larves  des  Dynastides,  des  Cetonides,  des  Rutelides,  des  Melonlonthides,  des 
S6ricides  et  des  Coprides,  il  se  trouve,  sur  la  face  superieure  de  la  tige  maxillaire  (stipes  maxil- 
lariuni) ,  une  crete  longitudinale  munie  d'une  rangee  de  dents  desposees  de  maniere  a  pouvoir 
atteindre  et  racier,  par  le  mouvement  d'avant  en  arriere  des  maxilles,  des  granulations 
sp6ciales  diversement  placees  et  groupees  sur  la  face  inferieure  des  mandibules. 

"Les  granulations  des  mandibules  chez  les  larves  des  Dynastides  et  des  Cetonides  {Xylotry- 
pes,  Orydes,  Parastasia,  Cetonia,  Osmoderma)  sont  rangees  en  cotes  transverses  assez  fortes 
et  formant  une  plaque  a  peu  pres  eliiptique,  nettement  circonscrite,  situee  vers  la  base  des 
mandibules,  en  dehors  de  la  partie  molaire.  Les  larves  des  Rutelides  [Anomala,  Phylloperiha) 
different  seulement  par  leurs  c6tes  beaucoup  plus  fines,  plus  numbreuses  et  plus  serr^es. 
Chez  les  Melolonthides  {Melolonlha,  Rhizotrogus),  des  Sericides  {Serica)  et  des  Coprides 
(Ateuchus,  Aphodius,  Ammoecius) ,  les  granulations  des  mandibules  ne  sont  pas  rangees  en 
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c6tes.  Chez  les  larves  des  deux  dernieres  tribus,  elles  sont  d'une  petitesse  extreme  et  placees 
pres  de  la  base  des  mandibules;  chez  les  larves  des  Melolonthides,  elles  sont  plus  visibles  et 
occupent  un  espace  transversal  au  milieu  des  mandibules." 

His  article  continues  with  a  description  of  the  stridulating  appara- 
tus on  the  legs  of  Passallidae,  Lucanidae,  and  the  genus  Geotrupes  of  the 
Scarabaeidae. 

The  mouthpart  stridulating  apparatus,  found  only  in  the  Scarabaeidae, 
consists  of  two  types,  one  being  more  highly  developed  than  the  other. 
In  the  larvae  of  all  Rutelinae,  Dynastinae,  and  Cetoniinae  examined,  there 
appears  on  the  caudal  aspect  of  each  mandible  a  minute  series  of  sharp 
ridges,  transversely  arranged  (Fig.  81,  82,  83,  87,  88).  The  longest  ridges 
are  the  median  ones.  The  others  become  gradually  shorter  to  give  the 
whole  a  uniform  oval  appearance.  Opposite  to  these  ridges  of  the  man- 
dibles, on  the  cephalic  aspect  of  the  stipes  of  the  maxillae,  is  a  row  of  teeth, 
which,  in  some  cases,  are  decidedly  blunt  (Figs.  118  and  124),  in  others, 
long  and  pointed  (Fig.  Ill),  and  in  still  others,  long,  pointed,  and  decidedly 
curved  (Fig.  113)  toward  the  distal  extremity  of  the  maxilla.  They  differ 
in  number  in  different  genera.  They  have  not  been  given  careful  con- 
sideration in  this  study,  but  it  was  noted  in  Anofnala  kansana  that  one 
maxilla  bore  six  curved  teeth  (Fig.  113)  while  the  opposing  maxilla  had 
but  one  (Fig.  112).  One  maxilla  of  Phyllophaga  crassissima  (Fig.  118) 
had  fourteen  short,  truncate  teeth;  Ligyrus  gihbosus  (Fig.  124)  had  thirteen; 
Cotalpa  lanigera  (Fig.  114)  five;  Euphoria  inda  (Fig.  125)  six;  and  Am  phi- 
coma  sp.  (Fig.  HI)  ten.  These  teeth,  by  movements  of  the  mouthparts, 
rasp  against  the  ridges  on  the  mandibles  to  produce  a  "faint  high-pitched 
note"  (Arrow,  1910,  p.  11). 

In  the  subfamilies  Coprinae  and  Melolonthinae  the  ridges  of  the 
mandibles  are  lacking,  and  in  their  places  is  a  minutely  rugose  surface 
which  is  indefinite  and  difficult  to  discern  (Fig.  84,  85).  According  to 
Arrow  (1910,  p.  12),  this  apparatus  is  comparatively  imperfect  and  it 
"has  not  yet  been  definitely  ascertained  what  sound,  if  any,  is  produced 
by  these."  The  writer  has  never  heard  Phyllophaga  grubs  produce  any 
sound. 

In  the  genus  Geotrupes  of  the  Scarabaeidae,  Schiodte  and  Arrow  have 
both  described  the  leg  type  of  sound  production,  which  is  similar  to  that  in 
the  Lucanidae.  Arrow  points  out  that  the  hind  leg  is  considerably  shortened 
and  "the  joints  appear  solidified,  while  from  the  base  to  the  tip  runs  a 
row  of  sharp  horny  teeth."  These  rasp  against  a  horny  area  at  the  base 
of  the  second  pair  of  legs,  which  is  provided  with  a  series  of  fine  ridges. 
The  rasping  structures  in  this  genus,  being  on  the  middle  leg,  are  reversed 
from  similar  organs  in  the  Lucanidae  in  which  the  file,  or  series  of  ridges, 
is  on  the  hind  leg.  The  writer  has  not  seen  specimens  of  Geotrupes  larvae. 
In  the  Lucanidae  (Fig.  135,  136)  there  is  a  strongly  chitinized  area  on 
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the  coxae  of  the  middle  pair  of  legs  which  is  covered  with  small  sharp  spines 
or  tubercles.  On  the  trochanter  of  the  hind  legs  is  an  elongated  file  com- 
posed of  a  series  of  transverse  ridges.  The  trochanter  of  the  posterior  legs 
is  drawn  across  the  coxae  of  the  middle  legs  to  produce  sound.  The  stridulat- 
ing  organ  of  Passalus  cormitus  (Fig.  137)  is  frequently  figured  in  discussions 
of  sound  organs  because  of  the  unique  reduction  in  the  size  of  the  hind  pair 
of  legs,  the  parts  of  which  are  reduced  to  small  paw-like  structures  that  are 
provided  with  a  series  of  small  hooks  which  are  drawn  across  a  microscopic- 
ally ridged  chitinous  plate  on  the  coxae  of  the  middle  pair  of  legs.  Gravely 
(1916,  p.  139),  in  a  discussion  of  oriental  Passalidae,  states  that  the  larvae 
are  all  much  alike.  He  figures  an  oriental  species  much  like  our  Passalus 
cornutus  of  North  America,  which  has  this  modification  of  the  larval  leg 
for  stridulation. 

Gravely  (1915,  p.  498)  has  described  the  action  of  the  stridulating 
organs  of  the  mouthparts  of  Oryctes  rhinoceros  as  follows: 

"Concerning  the  action  of  the  stridulating  organs  of  Oryctes  rhinoceros  nothing  yet  seems 
to  have  been  published.  I  have  had  great  difficulty  in  obtaining  any  evidence  as  to  the  use 
of  the  so-called  stridulating  organ  found  in  the  larva.  When  a  specimen  is  tightly  held  by  the 
head,  however,  it  may  be  seen  to  move  the  mandibles  and  maxillae  in  a  manner  likely  to 
bring  the  organ  into  action,  and  a  faint  rasping  sound  may  sometimes  be  heard  if  the  specimen 
be  brought  close  to  the  ear.  No  definite  vibrations  have  been  felt,  and  the  movements  of  the 
mandibles  and  maxillae  are  those  which  would  probably  be  used,  in  order  to  free  itself,  by 
any  insect  similarly  placed.  Pressure  on  the  body  does  not  seem  to  induce  any  such  movements 
but  they  are  sometimes  indulged  in  by  larvae  which  find  themselves  on  their  back  on  a  hard 
surface  in  the  open.  The  movements  are  often  greater  in  extent  than  their  use  for  stridulating 
purposes  requires;  the  mandibular  part  of  the  organ  is,  indeed,  sometimes  fully  exposed  at 
intervals,  and  could  not  then  be  scraped  at  all  by  the  maxillary  portion.  The  rasping  seems, 
nevertheless,  to  be  produced  only  when  these  movements  occur.  It  is  therefore  probable 
that  it  is  produced  by  the  organs  in  question,  and  it  is  noteworthy  that  the  movement  of  the 
mandibles  and  maxillae  is  often  very  small — as  it  should  be  to  keep  the  two  parts  of  the  organ 
in  contact — and  that  this  does  not  interfere  with  the  sound  produced." 

In  conclusion  of  this  consideration  of  these  stridulating  organs,  it  must 
be  pointed  out  that  Sharp  (1918,  p.  198)  maintains  that  these  mouthpart 
structures  are  "but  little  adapted  for  the  purpose  of  producing  sound." 
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POSTEMBRYONIC  DEVELOPMENT  AND  BIOLOGY 
OF  THE  SCARABAEIDAE 

Since  the  writer  has  had  no  experience  with  life-history  studies  of 
the  Lamellicornia  other  than  in  the  family  Scarabaeidae,  most  of  the 
following  statements  will  be  confined  to  that  family.  However,  it  is 
of  interest  to  recall  that  the  eggs  of  the  Trogidae  are  laid  in  carrion 
while  those  of  the  Lucanidae  and  Passalidae  are  laid  in  partly  decayed 
wood.  Arrow  (1910,  p.  20)  suggested  the  possibility  of  Passalidae  being 
viviparous,  but  Gravely  (1915,  p.  495)  states  that,  on  a  visit  to  Berlin, 
he  called  the  suggestion  of  Arrow  to  the  attention  of  Dr.  Ohaus,  who  im- 
mediately refuted  it  by  producing  eggs  of  American  species  of  Passalidae 
from  his  collections. 

Eggs 
Oviposition  Preferences 

Among  the  Scarabaeidae  the  egg-laying  habits  are  rather  diverse, 
even  within  the  various  subfamilies.  The  eggs  of  Canthon  laevis  are  laid  in  a 
ball  of  dung  buried  in  the  soil.  Pinotus  Carolina  and  Strategus  mormon 
fill  their  burrows  with  manure  and  afterwards  lay  their  eggs  in  it.  Accord- 
ing to  Arrow  (1910,  p.  19),  Lefroy  has  recorded  the  finding  of  an  egg  ball  of 
Eeliocopris  dominus  eight  feet  below  the  surface  of  the  ground.  The 
progeny  of  these  dung-feeding  beetles  is  not  large,  some  species  having  been 
noted  to  lay  less  than  a  dozen  eggs;  others  are  more  prolific,  as  Davis 
(1916,  p.  263)  has  noted  that  individual  females  of  Phyllophaga  have  been 
observed  to  lay  between  50  and  100  eggs.  In  the  writer's  experience,  fewer 
than  50  eggs  was  the  rule  with  this  genus,  but  this  may  be  due,  in  part,  to 
the  type  of  oviposition  cages  used.  The  eggs  of  Phyllophaga  and  other 
Melolonthinae  are  laid  in  the  ground,  usually  in  hard,  packed  soil  covered 
with  vegetation,  but  collection  studies  show  that  they  are  by  no  means 
confined  to  this  sort  of  soil  for  oviposition,  as  grubs  are  frequently  found  in 
soil  that  has  been  plowed  year  after  year. 

Among  some  Rutelinae  {e.g.,  Cotalpa  lanigera)  and  some  Cetoniinae 
{Osmoderma  spp.)  there  is  an  apparent  selection  of  situations  for  ovi- 
position near  decaying  wood  in  which  the  larvae  must  develop.  The 
writer  has  found  hundreds  of  eggs  of  Pelidnota  under  decaying  logs  and  has 
succeeded  in  getting  Osmoderma  to  oviposit  in  soil  in  cages  on  which  decay- 
ing wood  had  been  placed.  Other  Rutelinae  lay  their  eggs  in  soil,  as  do  the 
Melolonthinae,  while  many  Cetoniinae  prefer  to  oviposit  in  manure  and 
other  decaying  organic  matter.  Eggs  of  the  Dynastinae  are  deposited  in 
decaying  organic  matter  or  in  the  soil  about  the  roots  of  plants.  One 
species,  Ligyrodes  relictus,  lays  its  eggs  in  decaying  hay  and  straw  stacks,  as 
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well  as  in  manure  piles;  while  a  related  species,  Ligyrus  gihhosus,  lays  its 
eggs  preferably  at  the  roots  of  sunflowers.  The  x\phodinae  deposit  their  eggs 
in  dung,  and  many  species  seek  out  and  prefer  the  excrement  of  a  definite 
animal. 

Description  and  Length  of  Egg  Stage 

The  eggs  of  the  Scarabaeidae,  being  deposited  by  individuals  of  many 
sizes,  naturally  exhibit  enough  difference  in  size  to  make  a  general  state- 
ment of  little  use.  It  is  obvious  that  the  eggs  of  smaller  beetles,  such  as 
Serica,  some  Diplotaxis,  and  many  others,  would  be  considerably  smaller 
than  the  eggs  of  larger  species,  such  as  Dynastes  or  Strategus.  A  broad 
statement  might  be  made,  that  they  vary  in  size  from  one  to  four  milli- 
meters. When  freshly  deposited  they  are,  as  a  rule,  elongate-oval  in  shape, 
being  two  or  three  times  longer  than  wide.  As  development  proceeds,  there 
is  an  increase  in  width,  so  that  the  eggs  just  before  hatching  are  much  more 
broadly  oval  or  nearly  round.  The  color  is  somewhat  variable,  even  within 
the  species.  Some  are  milky-white,  others  are  pearly-gray.  The  chorion 
is  transparent,  so  that  previous  to  hatching  the  dark  mandibles  and  the 
segmentation  of  the  body  can  be  discerned  through  it.  With  those  species 
which  oviposit  in  the  soil,  there  is  usually  found  adhering  to  the  eggs  a 
sticky  secretion  from  the  coUeterial  glands  which  causes  the  surrounding 
soil  to  become  attached  to  the  eggs  and  form  an  enveloping  ball  of  earth 
around  each  egg.  This  ball  is  usually  broken  when  searching  for  eggs  in 
the  soil,  but  parts  of  it  can  usually  be  seen  still  clinging  to  the  egg. 

Egg  laying  occurs  in  the  spring  and  summer  months.  It  may  extend 
over  a  considerable  period  in  some  species.  As  far  as  known,  none  are 
ever  carried  over  the  winter.  Table  I,  compiled  mostly  from  the  writer's 
observations  under  conditions  as  described  on  page  14,  and  with  the  ad- 
dition of  excerpts  from  other  works,  shows  the  length  of  the  egg  stage  of  the 
Scarabaeidae.  It  is  interesting  to  note  that  all  of  the  species  listed  belong 
in  the  four  subfamilies  of  the  Pleurosticti,  very  little  being  known  of  the 
life  histories  in  the  Laparosticti. 

Egg  Burster  and  Hatching 
Many  insects  possess,  in  the  late  embryonic  stage,  certain  spines  which 
aid  in  the  rupture  of  the  chorion  during  hatching.  These  have  been  called 
hatching  spines,  ruptor  ovi,  or  egg  bursters.  In  the  Colorado  potato  beetle 
they  consist  of  three  pairs  of  spines  on  the  thorax,  while  in  other  insects 
the  structure  may  be  a  single  spine  on  the  head.  Ritterschaus  (1925  and 
1927)  has  mentioned  the  occurrence  of  egg  bursters  in  two  species  of 
European  Scarabaeidae  {Anoniala  aenea  and  Phyllopertha  horticola). 
The  structure  is  described  as  two  triangular-shaped,  chitinized  spines; 
one  on  each  dorso-lateral  aspect  of  the  metathorax.    Accompanying  the 


TABLE  I— THE  LENGTH  OF  THE  EGG  STAGE  IN  SCARABAEIDAE 


Species 


Number 

of  Eggs 

Hatching 


Number  of  Days 


Maxim^um    Minimum    Average 


Comment 


Melolonthinae 

Strigoderma  arboricola.  . 

Phyllophaga 

Affabilis 

Bipartita 

Corrosa 

Submucida 

Vehemens 

Tristis 

Fusca 

Crenulata 

Longitarsa 

Praetermissa 

Ephilida 

Rugosa 

Rubiginosa 

Lanceolata 

Futilis 

Crassissima 

Hirticula  var.  comosa . 
Implicita 


Rutelinae — Tribe  Anomalini 

Popillia  japonica 

Anomala  binotata 

Anomala  kansana 

Anomala  innuba 

Rutelinae — Tribe  Rutelini 

Pelidnota  punctata 

Cotalpa  lanigera 

Dynastinae 

Ligyrus  gibbosus 

Ligyrodes  relictus 

Ochrosidia  immaculata 

Strategus  titanus 

Strategus  quadrifoveatus 

Dyscinetus  trachypygus 

Dyscinetus  barbatus .... 

Euetheola  rugiceps 

Cetoniinae 

Euphoria  inda 

Euphoria  f ulgida 

Euphoria  sepulchraUs .  .  . 

Cotinus  nitida 


Osmoderma  eremicola . 


14 


54 

262 

806 

84 

42 

396 

48 

24 

447 

185 

3 

127 

180 

1808 

1017 

1000 

293 

190 


632 
119 

979 
177 

555 

4 

107 


140 

27 


14 


16 

24 
28 
20 
28 
23 
28 
20 
19 
23 
15 
29 
24 
29 
38 
27 
30 
31 


27 
11  + 
19 
19 


18 


11 
13 
13 
19 

16 


10 


10 
11 
11 
13 
11 
10 
16 
14 

7 

12 
12 
14 
11 
10 
11 

8 
11 
10 


9 

7+ 
9 
11 


26 

8 

27 

18 

22 

7 

11 

8 

25 

9 

21 

15 

10 


12.2 


14.3 
16.6 
18.1 
14.0 
19.8 
17.2 
19.5 
18.2 
12.7 
17.6 
13.0 
19.5 
17.0 
15.8 
21.1 
16.1 
17.9 
18.2 


14 

12.2 
14.6 

14.9 
20.9 

10.9 
9.3 
15.5 
17 
20 
12 
13 
14 


10.7 
11.8 
13.7 

16 


Eggs  collected  in 
field  shortly  after 
deposition. 


Data    from    Smith 
and  Hadley. 


Data  from  Smyth. 


Data  from  Phillips 
and  Fox. 


Data  from  Chitten- 
den and  Fink. 

Data  from  Sweet- 
man  and  Hatch. 
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spine  is  a  stiff  bristle,  or  seta,  about  twice  as  long  as  the  hatching  spine. 
Since  these  are  discernible  through  the  chorion  before  hatching  and  are  not 
present  after  the  first  molt,  this  author  maintains  that,  by  the  aid  of 
muscular  contractions,  they  assist  the  embryo  to  break  the  shell  during  the 
hatching  process. 

Such  a  structure  has  never  been  described  in  North  American  Scara- 
baeidae.  I  have  examined  many  eggs  and  newly  hatched  larvae  of  various 
species  dealt  with  in  this  study  and  have  never  been  able  to  satisfy  myself 
of  the  presence  of  any  such  a  specialized  structure.  It  is  true  that  many 
strong  setae  are  present,  but  no  strong  spine  such  as  described  for  these 
European  species  can  be  distinguished.  Since  Ritterschaus  has  figured 
these  through  the  chorion  of  the  egg  and  in  larvae  which  have  hatched,  it 
seems  probable  that  further  study  will  show  their  presence  in  at  least  some 
North  American  species.  It  is  quite  probable  that  the  many  strong  setae 
located  on  the  back  of  most  of  the  body  segments  aid  the  insect,  in  some 
degree,  in  its  struggle  to  burst  the  egg  shell. 

A  scarabaeid  egg  which  is  about  to  hatch  can  be  readily  distinguished 
by  its  more  oval  shape  in  contrast  to  the  elongate-oval  form  which  it 
presents  at  the  time  of  oviposition.  Moreover,  before  hatching,  the  embryo 
can  be  seen  clearly  through  the  chorion.  On  the  ventral  aspect  the  darkened 
mandibles  are  the  most  distinct,  but  the  tips  of  the  maxillae  and  antennae 
can  be  noted.  On  the  lateral  aspect  the  legs  and  the  darkened  spiracles  are 
quite  evident,  while  on  the  dorsal  aspect  the  body  segments  and  spines  can 
be  observed.  The  mandibles  are  frequently  seen  to  open  and  close  under  the 
chorion,  and  perhaps  they  aid  other  body  contractions  in  the  rupture  of  the 
egg  shell. 

The  breaking  of  the  shell  occurs  across  the  back  in  the  region  of  the 
thorax  and  first  abdominal  segments.  Ritterschaus  {loc.  cit.)  has  figured 
this  split  as  coming  directly  across  the  metathorax  in  the  region  of  the 
egg  burster.  The  break  continues  until  the  dorsum  of  the  thorax  is  exposed, 
after  which  the  head  is  freed  and  the  shell  is  worked  backwards  over  the 
end  of  the  abdomen.  In  rearing  cages,  many  of  these  newly  hatched  grubs 
are  unable  to  remove  this  shell  from  the  dorsal  segments  of  the  abdomen 
and  can  be  observed  carrying  it  about  with  them.  Sometimes  a  portion  of 
the  shell  is  cast  off  over  the  head.  In  many  instances,  newly  hatched  grubs 
die  before  they  can  entirely  free  themselves  of  the  egg  shell.  In  a  few  cases 
these  newly  hatched  larvae  were  seen  to  be  feeding  on  the  shell. 

Larval  Development 

Molting 

Ecdysis  occurs  twice  before  the  pupal  molt.     In  two-year  grubs  as 

observed,  the  two  molts  previous  to  pupation  occur,  as  a  rule,  during  the 

same  season  that  the  egg  is  hatched,  but  rarely  the  second  molt  may  be 
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delayed  until  the  following  summer.  Among  the  three-year  grubs,  only  the 
first  molt  occurs  during  the  season  the  egg  is  hatched,  and  the  second  occurs 
the  following  year.  To  illustrate:  two-year  grubs  hatching  in  1928  would 
molt  twice  in  1928  as  a  general  rule,  but  in  a  few  instances  the  second  molt 
would  be  delayed  until  1929.  The  three-year  species  hatching  in  1928  would 
molt  once  during  the  summer  of  1928  and  once  in  1929.  All  of  the  grubs 
molt  again  at  pupation,  and  generally  the  pupa  lies  within  the  exuvia. 

In  species  having  a  one-year  cycle  the  customary  two  molts  occur 
during  the  growing  season  of  summer  and  autumn.  Occasionally,  in  Cotalpa 
lanigera,  the  grubs  may  undergo  three  molts  before  becoming  prepupae. 
The  time  from  hatching  to  first  molt  in  Cotalpa  averaged  23.6  days  for  49 
individuals,  and  282.8  days  from  the  first  to  the  second  molt,  with  extremes 
of  28  and  326  days;  that  is,  some  individuals  molted  the  second  time 
during  the  season  in  which  they  hatched  and  others  delayed  the  second  molt 
until  the  following  season.  The  period  from  the  second  to  the  third  molt 
varied  from  41  to  292  days,  with  an  average  of  143.8  days.  In  no  instance 
was  the  third  molt  observ^ed  to  occur  the  first  season  after  hatching,  but  a 
sum  of  the  three  minimum  periods  shows  that  it  may  be  possible  for  the 
grubs  to  have  their  third  molt  89  days  after  hatching.  The  low  minimum 
of  41  days  between  the  second  and  third  molts  was  noted  in  cases  where  the 
second  molt  occurred  the  second  season,  and  the  maximum  of  292  days  is 
secured  in  those  instances  where  the  second  molt  occurred  the  first  season 
and  the  third  molt  the  second  season. 

The  period  between  the  second  molt  and  the  time  of  becoming  prepupa, 
therefore,  depends  upon  whether  or  not  there  is  a  third  molt.  In  19 
instances  where  the  third  molt  was  absent,  the  length  of  the  instar  varied 
from  66  to  432  days,  with  an  average  of  334.6  days.  In  only  one  case  was 
the  time  between  the  third  molt  and  prepupation  noted.  This  individual 
had  molted  twice  the  first  season,  and  the  third  molt  occurred  the  second 
summer.  There  were  379  days  between  the  third  molt  and  prepupa  (fourth 
instar).  In  all  cases  (five)  where  a  third  molt  occurred,  the  grubs  were 
destined  to  be  three-year  grubs.  The  active  larval  period  varied  from  362  to 
743  days  in  21  cases  noted. 

The  length  of  each  instar,  or  the  period  between  molts,  in  the  genus 
Phyllophaga,  has  been  taken  as  the  normal  period  between  molts  in  those 
individuals  having  but  two  molts  before  pupation.  These  data  are  sum- 
marized for  a  few  of  the  representative  species  in  the  tables  which  follow. 
In  Table  II  is  given  the  average  length  of  time  between  hatching  and  the 
first  molt  for  the  species  listed.  In  addition,  the  maximum  and  minimum 
numbers  of  days  between  these  phenomena  are  noted,  as  well  as  the  num- 
bers of  individuals  under  observation.  In  no  case  was  the  minimum  period 
under  11  days  {P.  bipartita),  and  the  longest  period  occurred  in  the  same 
species,  where  63  days  were  required  before  the  first  molt.  The  average 
period  ranges  from  28  days  {P.  afabilis)  to  45  days  (P.  vehemens). 
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TABLE  II— INTERVAL  BETWEEN  HATCHING  AND  FIRST  MOLT 
IN  PHYLLOPHAGA 


Species 

Number  of 
Individuals 

Number  of  Days 

Maximum 

Minimum 

Average 

P.  praetermissa 
P.  bipartita 
P.  vehemens 
P.  corrosa 
P.  hirticula 

var.  comosa 
P.  crenulata 
P.  afifabilis 
P.  tristis 
P.  longitarsa 

16 
100 

2 
237 

41 
7 
2,3 
22 
67 

49 
63 

47 
58 

46 

54 
44 

52 
42 

19 
11 

43 
17 

26 

35 
23 
22 
17 

35.8 
39.9 
45 
39.4 

35.5 

44 

28 

33.9 

24.1 

The  length  of  the  second  instar  is  more  variable,  as  is  to  be  noted 
in  Table  III,  which  includes  species  with  a  one,  two,  or  three-year  life 
cycle.  In  general  it  may  be  said  that  the  one-year  and  two-year  species 
listed  correspond  more  closely,  in  the  length  of  the  second  instar,  to  the 
periods  given  in  the  minimum  column,  while  the  three-year  species  and 
some  two-year  species  more  nearly  approximate  the  maximum  dates.  The 
shortest  period  noted  for  this  instar  was  7  days  (P.  corrosa)  and  the  longest 
was  374  days  {P.  praetermissa).  This  means  that  the  second  molt  may  occur 
as  early  as  7  days  after  the  first  or  as  late  as  374  days. 


TABLE  III— INTERVAL  BETWEEN  FIRST  AND  SECOND  MOLTS 
IN  PHYLLOPHAGA 


Species 

Number  of 
Individuals 

Number  of  Days 

Ma.ximum 

Minimum 

Average 

P.  praetermissa 

16 

374 

20 

263 

P.  bipartita 

34 

335 

284 

39.9 

P.  vehemens 

2 

314 

28 

171 

P.  corrosa 

136 

326 

7 

218.1 

P.  hirticula 

var.  comosa 

41 

323 

266 

294 

P.  crenulata 

1 

284 

284 

284 

P.  affabilis 

19 

304 

2,3 

198.8 

P.  tristis 

22 

28 

10 

18 

P.  longitarsa 

67 

286 

11 

69.7 
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To  understand  the  length  of  the  third  instar  it  is  necessary,  because  of 
the  way  in  which  the  data  were  recorded,  to  present  the  figures  in  two 
tabulations  (Tables  IV  and  V).  A  short  time  before  pupation  the  larvae 
cease  feeding,  shed  their  meconium,  and  tend  to  shrivel  up  in  preparation 
for  the  change  to  the  pupal  stage.  This  is  the  beginning  of  the  prepupal 
stage.  The  data  on  the  length  of  the  third  instar  (up  to  the  prepupal  stage) 
are  given  in  Table  IV,  and  the  data  on  the  length  of  the  prepupal  stage, 
which  must  be  added  to  the  figures  in  Table  IV  are  given  in  Table  V.  It 
will  be  observed  that  the  third  instar  is  much  longer  than  the  others  and, 
as  mentioned  previously,  depends  on  whether  the  second  molt  occurs  during 
the  summer  in  which  the  larva  hatches  from  the  egg  or  whether  the  molt 
is  delayed  until  the  following  summer. 

TABLE  IV— INTERVAL  BETWEEN  SECOND  MOLT  AND  PREPUPA 
IN  PHYLLOPHAGA 


Number  of  Days 

Number  of 

Species 

Individuals 

Maximum 

Minimum 

Average 

P.  praetermissa 

5 

429 

320 

397.6 

P.  bipartita 

9 

423 

70 

337.2 

P.  vehemens 

2 

339 

66 

202.5 

P.  coTosa 

32 

440 

97 

346.1 

P.  hirticula 

var.  comosa 

1 

412 

412 

412 

P.  crenulata 

1 

59 

59 

59 

P.  afifabilis 

5 

292 

35 

228 

P.  tristis 

4 

372 

361 

364.7 

P.  longitarsa 

67 

388 

35 

270.6 

TABLE  V— LENGTH  OF  PREPUPAL  STAGE  IN  PHYLLOPHAGA 


Number  of 
Individuals 

Number  of  Days 

Species 

Maximum 

Minimum 

Average 

P.  praetermissa 
P.  bipartita 
P.  vehemens 
P.  corrosa 
P.  hirticula 

var.  comosa 
P.  crenulata 
P.  affabilis 
P.  tristis 
P.  longitarsa 

15 
9 

3 
25 

25 
2 
5 
3 

58 

12 
17 

7 
15 

16 

8 

5 

7 

16 

3 
3 

7 
2 

4 

7 
4 
5 
2 

6.7 
9.2 
7 
6.6 

8.7 

7.5 

4.2 

6 

4.1 
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Postembryonic  Changes 

During  larval  development  there  are  no  conspicuous  postembryonic 
changes.  The  most  marked  is  the  gradual  increase  in  size.  This,  of  course, 
varies  considerably  with  the  different  species.  Grandi  (1925),  in  a  comparison 
of  the  newly  hatched  larva  and  the  larva  one-year  old,  says  that  there  is 
little  difference  between  them  except  for  dimensions,  and  goes  on  further 
to  point  out  the  slight  differences  which  occur  in  those  characters  which 
present  variation  of  any  importance.  These  characters  are  the  antennae, 
the  labrum,  maxillae,  labial  palpi,  and  abdomen.  Of  these,  he  notes  that 
the  antennae  become  longer  and  more  slender;  the  labrum  presents  slight 
changes  in  shape;  in  the  maxillae  the  change  comes  in  the  proportions  of 
the  palpi,  and  the  same  is  true  of  the  labial  palpi  and  legs.  In  the  abdomen 
the  changes  are  more  marked  in  the  setation  of  the  last  abdominal  segments. 
For  this  reason,  the  characters  in  the  larval  key,  as  herein  presented,  are 
based  on  third  instar  larvae,  since  no  satisfactory  study  has  yet  been  made 
of  the  first  and  second  instars. 

In  addition  to  the  changes  pointed  out  by  Grandi,  there  is  a  marked 
change  in  many  species  in  the  proportions  of  the  head  and  body.  In  the 
first  instar  (Fig.  193)  the  head  is  much  larger  in  proportion  to  the  rest 
of  the  body  than  it  is  in  the  second  (Fig.  194)  or  third  (Fig.  1  to  12) 
Although  no  definite  measurements  have  been  made,  it  is  quite  evident, 
to  one  handling  and  feeding  larvae  during  the  summer  months,  that  be- 
tween the  molts  there  is  a  slight  increase  in  the  size  of  the  head  capsule  as 
well  as  a  corresponding  increase  in  the  size  of  the  thorax  and  abdomen. 
Most  of  this  increase  occurs  shortly  after  the  completion  of  ecdysis. 

Food  Habits 

During  the  course  of  a  series  of  biological  studies  of  the  family  Scara- 
baeidae  carried  on  at  the  Kansas  State  Agricultural  Experiment  Station, 
considerable  data  were  amassed  on  the  relative  numbers,  as  well  as  the 
habitat  and  food  preferences,  of  larvae  of  various  common  species.  The 
results  have  been  published  by  Hayes  and  McColloch  (1928).  Some  of  the 
data  on  the  food  preferences  are  taken  from  that  publication  and  presented 
here  for  the  sake  of  completeness. 

Collections  of  larvae  of  this  family  of  beetles  were  begun  in  1916 
and  extended  over  a  period  of  eight  years,  including  1923.  The  specimens 
collected  were  transported  to  the  laboratory  and  reared  to  the  adult 
stage  in  individual  salve  boxes  in  an  underground  cave.  Because  of  the 
difiiculty  in  rearing,  and  in  some  cases  because  of  the  long  life-cycle, 
less  than  one-third  of  the  numbers  collected  in  the  field  were  reared  to  adult- 
hood for  determination  of  the  species.  During  the  eight  years  18,781 
grubs  were  collected,  of  which  5,884  were  matured  under  artificial  condi- 
tions. These  5,884  reared  specimens  represented  17  genera,  with  a  total  of 
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37  species.  The  largest  number  of  species  belonging  to  a  single  genus  was 
the  17  species  of  Phyllophaga.  The  other  genera  distributed  among  the 
various  subfamilies  of  Scarabaeidae  contained  but  one,  two,  three,  or  four 
species. 

In  Table  VI  are  shown  the  habitat  preferences  of  all  spe.cies  collected. 
These  are  indicative  of  the  food  preferences  as  a  whole  but  not  as  related 
to  the  individual  species,  which  are  shown  in  Tables  VII  and  VIII.  In 
Table  VII  it  is  shown  that  the  most  individuals  of  Phyllophaga  were  taken 
in  blue  grass  sod,  234  specimens  being  found  there.  The  next  in  preference 
is  corn  land,  with  140  individuals,  which  is  closely  approached  by  the  126 


TABLE  VII.— FOOD  PREFERENCE  OF  PHYLLOPHAGA  GRUBS 


Species 
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P.  crassissima 

P.  rubiginosa 

P.  rugosa  

23 
10 
18 
45 
7 
10 

5 
2 
3 

1 

1 
1 

202 

16 
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1 
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8 
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2 
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45 
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19 

16 

6 

6 

1 

1 
1 

5 
20 
19 

2 

45 
14 
36 

1 
4 

1 

37 

20 

14 

1 

3 

9 

1 

1 
1 

396 
135 
1''S 

P.  lanceolata 

P.  submucida 

P.  implicata 

P.  hirticula 

var.  comosa .  .  . 
P.  praetermissa .... 

P.  longitarsa 

P.  bipartita 

P.  futilis 

79 
79 
76 

24 

13 

8 

6 

5 

P.  corrosa 

S 

P.  glabricula 

P. fusca 

5 

P.  crenulata 

P.  tristis 

P.  affabilis     

2 
2 
1 

Total 

126 

234 

29 

140 

11 

74 

62 

4 

50 

46 

101 

87 

964 

larvae  taken  from  wheat.  Pasture  land,  with  74  grubs,  ranks  fifth,  and  prob- 
ably to  this  type  of  food  should  be  added  a  majority  of  those  listed  under 
the  heading  "manure"  for  in  many  cases  these  were  found  on  pasture 
land.  It  is  perceivable  that  P.  crassissima,  P.  rubiginosa,  P.  implicita, 
and  P.  rugosa  are  quite  generally  distributed,  while  P.  lanceolata  shows  a 
preference  for  wheat  first  and  pasture  sod  second.    The  majority  of  the  56 
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grubs  of  P.  submucida  taken  under  manure  were  in  pasture  land.  This 
species  seems  to  have  a  preference  for  the  upland  soils  of  the  region.  The 
data  on  the  other  species  are  limited,  but  from  adult  collections  it  is  known 
that  P.  longitarsa  and  P.  praetermissa  prefer  the  sand-hill  regions  along  the 
rivers  while  P.  tristis  is  usually  taken  near  the  oaks  growing  on  the  up- 
lands. 

The  food  preferences  of  other  larvae  of  the  family  Scarabaeidae  are 
indicated  in  Table  VIII.  In  the  total  numbers  reared,  wheat  shows  a  pre- 
dominance of  individuals,  with  oats  and  corn  following  in  the  order  given. 
Analyzing  the  data  by  species  brings  out  some  interesting  points.  Ochrosidia 
immaculata  is  taken  far  more  abundantly  in  wheat  than  elsewhere,  although 


TABLE  VIII.— FOOD  PREFERENCE  OF  OTHER  SCARABAEID  LARVAE 
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Ochrosidia  immaculata . 

Ligyrus  gibbosus 

Anomala  binotata 

Anomala  kansana 

Anomala  innuba 

Anomala  undulata 

Cotalpa  lanigera 

Pelidnota  punctata.  .  .  . 

Ligyrodes  relictus 

Euphoria  inda 

Euphoria  sepulchralis .  . 
Aphodius  sp.        

1787 
125 
122 

235 
5 

113 

2 

32 

2 

1 

8 
1 

143 

189 

164 

2 

70 

1 

479 
17 

4 

8 

28 

49 

2 

114 

9 
21 

8 

1 

79 
4 
1 

1 
48 

2 
3 
4 

1 

10 

11 
1 

120 

41 

6 

53 

2 
4 

3 
2 

12 

141 
19 

1 
6 

10 

1 

138 

1 

2 

1 

199 

24 

9 

3 

9 

1 

1 

4 

122 

1 

77 

3070 

392 

302 

256 

144 

8 

149 

118 

123 

46 

9 

53 

Canthon  laevis 

Trox  sp 

4 
122 

Polymoechus  brevipes . . 
Cremastocheilus  nitens. 

Ataen  us  inops 

Trichiotinus  piger 

Stephanucha  pilipennis . 
Polyphylla  hammondi . . 

12 

21 

81 

8 

1 

1 

Total 

2389 

44 

569 

536 

204 

143 

248 

17 

167 

11 

142 

450 

4920 

it  occurs  rather  abundantly  in  corn  and  oats.  The  adults  apparently  show 
a  preference  for  land  that  is  frequently  plowed.  Ligyrus  gibbosus  exhibits 
the  same  preference,  being  found  most  often  in  oats  and  wheat  and  less 
often  in  corn  land.     The  same  can  be  said  fo.  Anomala  binotata,  while 
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A.  kansana  occurs  more  frequently  in  wheat.  Cotalpa  lanigera  occurs  in 
wheat  and  corn,  usually  in  the  sand-hill  area.  Davis  (1918)  has  reported 
this  species  doing  considerable  damage  to  raspberry  bushes,  strawberries, 
corn,  and  grasses. 

The  following  species  live  in  fallen  logs  and  stumps:  Pelidnota  punctata, 
Polymoechus  brevipes,  Trichiotinus  piger,  and  Polyphylla  hammondi. 
Table  VIII  shows  21  individuals  of  Cremastocheilus  nitens  taken  from  logs. 
These  were  in  ant  nests  on  the  surface  of  the  soil  under  a  log  on  the 
sand  dunes.  Several  species  show  a  preference  for  manure  and  decaying 
vegetation,  such  as  rotten  hay  or  straw  stacks.  Among  these  are  Ligyrodes 
relictus,  Euphoria  inda,  Euphoria  sepulchralis,  Ataenius  inops,  and 
Aphoditis  sp.  The  122  individuals  of  Trox  sp.  listed  in  the  miscellaneous 
column  were  taken  under  a  dead  horse. 

TABLE  IX— COLLECTIONS  OF  PHYLLOPHAGA  AS  DETERMINED  BY  REARING 


Species 

Year  of  Collection 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

Total 

P.  crassissima 

15 

36 

40 

i5 

196 

52 

18 

6 

396 

P.  rubiginosa 

11 

7 

15 

22 

10 

41 

25 

4 

135 

P.  rugosa 

14 

4 

9 

2>3 

22 

24 

14 

5 

125 

P.  lanceolata 

2 

16 

9 

50 

1 

— 

1 

— 

79 

P.  submucida 

— 

2 

2 

— 

— 

— 

66 

9 

79 

P.  impKcita 

6 

4 

4 

8 

20 

1 

28 

5 

76 

P.  hirticula 

var.  comosa 

— 

2 

— 

— 

4 

18 

— 

— 

24 

P.  praetermissa 

— 

— 

3 

— 

8 

— 

— 

2 

13 

P.  longitarsa 

— 

1 

4 

— 

— 

— 

3 

— 

8 

P.  bipartita 

— 

— 

1 

3 

— 

— 

— 

2 

6 

P.  futilis 

— 

— 

— 

— 

3 

— 

— 

2 

5 

P.  corrosa 

— 

— 

2 

— 

— 

1 

— 

2 

5 

P.  glabricula 

— 

2 

— 

— 

— 

— 

— 

3 

5 

P.  fusca 

— 

— 

— 

— 

— 

3 

— 

— 

3 

P.  crenulata 

— 

1 

— 

— 

— 

1 

— 

2 

P.  tristis 

1 

— 

— 

— 

— 

— 



1 

2 

P.  a£fabilis 

— 

— 

— 

— 

— 

1 

— 

— 

1 

Total 

49 

74 

90 

149 

264 

141 

156 

41 

964 

Relative  A  bundance 
J.  W.  McColloch  and  the  writer,  in  an  eight-year  study  of  scarabaeid 
larvae,  made  collections  of  grubs  in  all  kinds  of  situations  and  reared  many 
to  adulthood.  The  following  discussion  of  the  various  collections,  for 
convenience,  is  divided  into  two  groups.  The  genus  Phyllophaga,  with  17 
species  represented,  will  be  considered  as  one  unit  while  the  remaining 
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16  genera  will  be  considered  jointly.  Table  IX  shows  the  various  species 
as  to  the  year  in  which  they  were  collected  and  not  the  year  of  maturity. 
The  order  of  arrangement  is  based  on  numbers  collected  and  not  on  their 
relationships. 

As  shown  in  Table  IX,  964  individuals  representing  17  species  were 
reared  from  the  total  of  18,781  grubs  of  all  species  collected.  Since  many 
individuals  of  this  genus  failed  to  live  through  the  rearing  period,  a  per- 
centage of  those  reared  based  on  the  number  collected  would  be  unfair. 
However,  the  percentage  reared  based  on  the  total  species  gives  an  inkling 
of  the  relative  proportions  of  Phyllophaga  to  other  species  of  the  family. 
Of  the  total  (5,884)  beetles,  only  964,  or  16.3  per  cent,  belonged  to  this 
genus.  Table  IX,  as  indicated  in  the  column  of  totals,  offers  further  data 
on  the  relative  numbers  of  all  the  various  species  found  in  the  locality  con- 
sidered. Of  the  964  individuals  of  all  species  reared,  P.  crassissima  ranks 
first,  with  a  total  of  396  individuals,  or  about  41  per  cent;  P.  ruhiginosa 
ranks  second,  with  about  14  per  cent;  and  P.  rugosa  third,  with  nearly  13 
per  cent. 

If  we  compare  the  individual  total  of  each  species  with  the  total 
adults  collected  during  the  first  seven  years  (1916-1922)  of  the  eight  during 

TABLE  X— RELATIVE  ABUNDANCE  OF  PHYLLOPHAGA  ADULTS 
AND  REARED  LARV.AE 


Total 

Adults 

Comparative 

Rank 

Species 

Larvae 

Collected 

Ranking  of 

Reared 

1916-1922 

Adult  Abundance 

L 

P.  crassissima 

396 

31,996 

First 

2. 

P.  rubiginosa 

135 

15,130 

Third 

3. 

P.  rugosa 

125 

4,010 

Fifth 

4. 

P.  lanceolata 

79 

15,851 

Second 

5. 

P.  submucida 

79 

57 

Eighteenth 

6. 

P.  implicita 

76 

982 

Tenth 

7. 

P.  hirticula 

var.  comosa 

24 

1,696 

Ninth 

8. 

P.  praetermissa 

13 

115 

Sixteenth 

9. 

P.  longitarsa 

8 

909 

Eleventh 

10. 

P.  bipartita 

6 

3,523 

Seventh 

11. 

P.  futilis 

5 

10,362 

Fourth 

12. 

P.  corrosa 

5 

3,732 

Sixth 

13. 

P.  glabricula 

5 

440 

Twelfth 

14. 

P.  fusca 

3 

135 

Fourteenth 

15. 

P.  crenulata 

2 

127 

Fifteenth 

16. 

P.  tristis 

2 

114 

Seventeenth 

17 

P.  affabilis 

1 

44 

Nineteenth 

18. 

P.  vehemens 

0 

2,001 

Eighth 

19. 

P.  congrua 

0 

135 

Thirteenth 
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which  this  study  was  in  progress  (see  Table  X),  some  interesting  facts  are 
brought  out.  P.  crassissima,  the  most  abundant  species  among  the  adults 
collected,  is  seen  to  be  also  the  most  numerous  among  those  species 
collected  as  grubs.  P.  lanceolata,  while  second  in  number  of  adults,  is  fourth 
in  the  grub  collections.  This  may  be,  in  part,  due  to  the  slightly  longer 
life-cycle  of  P.  lanceolata  (Hayes,  1919).  P.  rubiginosa,  while  third  among 
the  adults,  was  second  among  the  grubs;  and  P.  rugosa  was  fifth  in  the 
beetle  collections  and  third  among  the  larvae.  On  the  whole,  these  four 
important  species  rank  very  close,  while  greater  differences  are  disclosed 
among  the  other  species.  An  interesting  observed  fact  is  that  more  indi- 
viduals of  P.  suhmucida  were  collected  as  grubs  and  reared  to  adults  than 
were  taken  in  the  adult  collections.  The  two  species,  P.  vehemens  and  P. 
congrua,  which  ranked  eighth  and  thirteenth,  respectively,  in  the  adult 
collections,  were  not  reared  from  grubs. 


TABLE  XI— THE  RELATIVE  ABUNDANCE  OF  SCARABAEID  LARVAE 
OTHER  THAN  PHYLLOPHAGA 


Miscellaneous 

Species  of 

Scarabaeid  Larvae 

Year  of  Collection 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

Total 

Ochrosidia  immacu- 

lata 
Ligyrus  gibbosus 
Anomala  binotata 
Anomala  kansana 
Anomala  innuba 
Anomala  undulata 
Cotalpa  lanigera 
Pelidnota  punctata 
Ligyrodes  relictus 
Euphoria  inda 
Euphoria  sepulchralis 
Aphodius  sp 
Canthon  laevis 
Trox  sp. 

Polymoec  hu  s  bre  vipes 
Cremastocheilus 

nitens 
Ataenius  inops 
Trichiotinus  piger 
Stephanucha 

pilipennis 
Polj^hylla  hammondi 

32 

5 

145 

1 

13 

25 

2 
17 

4 

2 

155 
2 

3 
9 

10 
10 

1 

20 

2 

155 

2 

1 
45 

1 
19 

723 
227 

37 
154 

21 

1 
1 

1 

2 

315 

23 

42 

4 

1 

7 

74 
14 

4 

4 
1 

973 
116 

47 

57 

15 

7 

23 

5 

6 

6 

2 

12 

1 
81 

1 

715 

27 
37 
53 
1 
125 
92 

2 
53 

122 

3 

1 

3070 

392 

302 

256 

144 

8 

149 

118 

123 

46 

9 

53 

4 

122 

12 

21 

81 
8 

1 
1 

Total 

221 

25 

212 

223 

1167 

489 

1352 

1231 

4920 
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In  addition  to  the  collections  of  Phyllophaga,  20  species  representing 
16  other  genera  of  the  family  Scarabaeidae  are  available  for  comparison 
with  the  genus  Phyllophaga.  These  were,  for  the  most  part,  incidental  to 
the  white  grub  collections,  but  since  all  that  were  found  were  collected, 
the  data  available  show  the  years  of  abundance  as  well  as  the  relative 
numbers.  These  data  are  summarized  for  the  various  species  and  the  years 
in  which  they  were  collected  in  Table  XI.  It  will  be  noted  that  the  two  most 
numerous  species  are  Ochrosidia  (Cyclocephala)  immaculata  (Oliv.)  and 
Ligyrus  gibbosus  (DeG.).  The  number  of  Ochrosidia  reared  (3,070  indi- 
viduals) far  exceeds  that  of  any  other  species  and  is  more  than  three  times 
the  number  of  all  Phyllophaga  combined,  whose  total  figure  is  964.  It 
must  be  borne  in  mind,  however,  that  the  one-year  life-cycle  of  Ochrosidia 
compared  to  the  two-year  and  three-year  cycles  of  Phyllophaga  makes 
rearing  much  easier  with  less  mortality.  Space  does  not  permit  a  dis- 
cussion of  all  the  facts  apparent  in  Table  XI,  but  it  will  be  noted  that  the 
collection  contains  representatives  of  the  most  important  subfamilies  of 
the  Scarabaeidae. 

Hibernation 

Our  knowledge  of  the  depth  to  which  such  insects  as  white  grubs  and 
May  beetles  penetrate  the  soil  to  escape  the  rigors  of  cold  weather,  and  to 
pass  their  period  of  hibernation,  is  limited  to  a  small  number  of  casual  ob- 
servations. Only  a  few  general  statements  pertaining  to  the  subject  are  to 
be  found  in  the  literature.  While  writers  assert  that  such-and-such  a  species 
passes  the  winter  "below  the  frost  line"  or  "below  the  plow  line,"  no  specific 
attention  or  careful  study  has  been  given  to  the  subject.  This  is  due,  in 
part  at  least,  to  the  difficulty  of  studying  the  habits  of  insects  that  live  with- 
in the  soil.  Another  factor  involved,  and  perhaps  the  most  important,  is 
the  difficulty  of  making  specific  identification  of  the  immature  stages  of 
the  specimens  found  in  the  soil.  In  most  instances  they  must  be  reared 
through  their  developmental  periods  to  the  adult  before  they  can  be 
identified.  Furthermore,  winter  studies  of  insects  in  the  soil  require  careful 
excavation,  involving  considerable  manual  labor  which  must  be  done  during 
the  coldest  and  most  disagreeable  part  of  the  year. 

Criddle  (1918)  records  that  in  Canada  the  grubs  of  certain  species  of 
Phyllophaga  and  allied  genera  penetrate  to  a  depth  of  74  inches,  and  that 
the  beetles  may  burrow  as  deep  as  47  inches  during  the  winter.  This  state- 
ment indicates  at  what  depth  grubs  may  be  found  in  a  more  northern 
climate,  but  no  data  are  available  in  regard  to  the  actual  depth  of  the  vari- 
ous species  in  the  more  temperate  regions  of  the  United  States.  No  doubt 
the  climate  has  a  direct  bearing  on  the  subject,  and  the  depth  of  penetration 
will  vary  with  the  region.  In  fact,  the  present  study  shows  that  white 
grubs  do  not  penetrate  as  deeply  in  Kansas  as  Criddle  observed  in  Canada. 
A  discussion  of  the  literature  of  this  subject  has  been  presented  by  IMcCol- 
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loch  and  Hayes  (1923),  and  the  following  is  taken  from  a  discussion  by  these 
writers  in  collaboration  with  H.  R.  Bryson.  (1928). 

The  depth  at  which  these  insects  pass  the  winter  is  important  in 
connection  with  the  recommendation  of  fall,  winter,  or  early-spring  plowing 
as  methods  of  control.  In  order  to  make  such  recommendations  intel- 
ligently, it  is  essential  to  have  definite  information  relative  to  the  depth  of 
hibernation  of  the  insects.  It  was  primarily  to  secure  data  along  this  line 
that  the  studies  reported  herein  were  undertaken.  It  also  seemed  desirable 
to  further  check  the  studies  of  McCoUoch  and  Hayes  {loc.  cit.)  in  the  fall  and 
spring  reversals  of  temperature  conditions  on  the  surface  and  subsurface 
layers  of  soil,  and  the  bearing  of  such  changes  upon  the  activities  of  soil 
insects  in  general. 

An  attempt  was  made  to  rear  to  the  adult  stage  all  grubs  taken  in  this 
work.  A  summary  of  these  rearings  is  presented  in  Table  XII,  which  shows 
the  number  of  grubs  of  each  species  identified  and  the  depths  at  which  they 
were  taken.  The  data  on  Phyllophaga  lanceolata,  which  are  incorporated  in 
this  table,  were  secured  from  a  series  of  excavations  in  a  wheat  field  at 
Goddard,  Kansas,  March  13,  1919. 

TABLE  XII— SUMMARY  OF  THE  DEPTH  OF  HIBERNATION 
OF  WHITE  GRUBS 


Depth  in  Inches 

Species 

Total 
Collected 

Maximum 

Minimum 

Weighted 
Average 

All  white  grubs 

1,188 

40 

3 

13.2 

Ochrosidia  immaculata 

101 

30 

4 

13.9 

Phyllophaga  crassissima 

3 

17 

13 

15.0 

Phyllophaga  rugosa 

4 

26 

10 

18.0 

Phyllophaga  glabricula 

3 

19 

16 

17.7 

Phyllophaga  submucida 

1 

14 

14 

14.0 

Phyllophaga  rubiginosa 

1 

14 

14 

14.0 

Phyllophaga  bipartita 

1 

15 

15 

15.0 

Phyllophaga  corrosa 

1 

16 

16 

16.0 

Phyllophaga  lanceolata 

66 

20 

3 

10.3 

Anomala  innuba 

99 

15 

4 

8.9 

Anomala  ludoviciana 

2 

30 

20 

25.0 

Diplotaxis  sp. 

1 

15 

15 

15.0 

Bolbocerosoma  bruneri 

5 

15 

10 

11.6 

Table  XII  brings  out  the  fact  that  the  average  depth  of  hibernation  of 
all  species  was  below  the  plow  line.  In  fact,  grubs  of  only  two  species  were 
found  above  the  6-inch  level  in  the  work  at  Manhattan,  while  a  few  grubs 
of  Phyllophaga  lanceolata  were  taken  at  three  to  six  inches  at  Goddard. 
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While  very  few  determinations  were  made  of  the  grubs  of  Phyllophaga 
collected  at  Manhattan,  it  is  interesting  to  note  that  all  were  several  inches 
below  the  plow  line. 

Grubs  of  Ochrosidia  immaculata  predominated  in  practically  all  collec- 
tions. Out  of  a  total  of  101  grubs  of  this  species,  only  12  were  found  above 
the  plow  line.  The  remaining  89  were  found  at  depths  ranging  from  7  to 
30  inches,  with  the  majority  at  the  14-inch  level. 

Of  Anomala  innuba,  which  ranked  second  in  number  of  grubs  identified, 
99  specimens  were  taken.  This  species  does  not  burrow  downward  to  any 
great  extent  for  hibernation.  The  average  depth  for  it  was  8.9  inches,  with 
extremes  of  4  and  15  inches.  Anomala  ludoviciana,  on  the  other  hand, 
apparently  burrows  deeply  into  the  soil,  as  evidenced  by  the  two  specimens 
taken  at  depths  of  20  and  30  inches. 

Pupation. — In  a  previous  paragraph  mention  was  made  of  the  prepara- 
tion made  by  the  larva  in  anticipation  of  the  transformation  to  the  pupal 
stage.  This  period  of  inactivity,  known  as  the  prepupal  stage  or  semi- 
pupal  stage,  is  of  short  duration  before  the  actual  molt  to  the  pupal  condi- 
tion occurs.  The  period  is  characterized  by  internal  activity,  a  cessation  of 
feeding,  some  body  shrinkage,  and  the  cleaning  out  of  the  alimentary  canal. 
The  final  molt  having  been  completed,  the  pupa  has  now  asumed  a  condi- 
tion more  nearly  like  the  adult  form.  When  freshly  transformed,  the  body 
is  a  creamy  white,  but  as  development  proceeds  many  of  the  adult  colors 
are  assumed.  Hayes  and  McColloch  (1920)  have  pointed  out  that  during 
the  later  stages  of  development  sexual  differences  of  the  adult  may  be  dis- 
tinguished in  the  antennae  and  the  genitalia,  which  may  be  discerned 
through  the  cuticula  of  the  pupa.  In  many  cases,  these  characters  are 
apparent  throughout  the  last  half  of  the  pupal  stage. 

Pupation  occurs  in  late  summer  and  autumn  in  many  species  (e.g., 
Phyllophaga),  and  transformation  to  the  adult  occurs  shortly  thereafter, 
to  enable  the  insect  to  pass  the  winter  in  the  adult  stage.  Others  (e.g., 
Anomala)  pupate  in  the  late  spring  and  early  summer,  and  at  the  end  of  the 
pupal  period,  after  a  few  days  of  inactivity,  are  ready  for  flight.  In  the  case 
of  those  species  transforming  in  the  fall  it  is  usually  stated  in  the  literature 
that  the  winter  is  passed  by  the  adult  at  the  place  of  pupation,  usually 
within  the  exuvia  of  the  pupa.  In  observations  made  by  McColloch  and 
the  writer  there  is  some  reason  for  believing  that  many  adults  leave  this 
place  of  pupation  and  burrow  beneath  the  frost  line. 

No  systematic  study  has  been  made  of  the  pupae  of  the  Lamellicornia 
and  no  keys  are  available  for  their  identification.  Causal  observation  indi- 
cates that  there  are  many  differences,  and  when  enough  material  becomes 
available  it  may  be  possible  to  describe  their  recognition  characters.  It 
is  noteworthy  that  most  pupae  of  the  Melolonthinae  are  characterized  by 
a  pair  of  pointed  caudal  appendages,  while  Anomala  and  a  number  of  other 
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genera  have  a  rounded,  blunt  caudal  end.  Without  going  into  details 
of  the  morphology  of  the  pupa,  it  is  sufficient  to  point  out  that  most  of  the 
external  characters  of  the  adult  are  apparent  (Fig.  195). 

The  Passalidae  and  Lucanidae  pass  the  pupal  period  in  the  decaying 
wood  in  which  they  develop.  The  coprophagous  Scarabaeidae,  as  a  rule, 
pupate  and  remain  within  the  ball  or  mass  of  manure  in  which  the  larvae 
have  developed,  while  higher  Scarabaeidae  may  merely  lie  within  the  molt- 
ed larval  exuviae  in  the  soil.  A  number  of  Scarabaeidae,  such  as  Pelidnota 
punctata  and  many  Cetoniinae  {e.g.,  Euphoria),  construct  a  cocoon  in  which 
the  pupal  period  is  undergone.  In  the  case  of  Pelidnota,  the  cocoon  con- 
sists of  fragments  of  wood,  while  in  the  Cetoniinae  {e.g.,  Euphoria)  it  is 
made  of  bits  of  manure  in  which  the  larva  grew.  Others  may  use  the  soil 
or  root-fibers.  These  cocoons,  made  of  the  food  material,  are  oval  in  form. 
The  outer  surface  is  rough  while  the  inner  walls  are  smooth  and  polished. 
They  are  built  by  the  larva  before  the  transformation  of  the  pupal  stage, 
and  the  material  which  holds  the  structure  together  is  a  glandular  secretion 
ejected  from  the  hind  intestine.  The  larva,  by  its  mouthparts  and  body 
movements,  is  able  to  mold  the  material  into  a  compact  water-tight  cocoon. 
The  length  of  the  pupal  stage  in  the  many  species  varies  from  a  week  or 
more  to  a  month  and  even  longer  in  cooler  weather.  Emergence  is  accom- 
plished by  a  splitting  of  the  cuticula  along  the  back. 

Length  of  Life-Cycle 
M  elolonthinae 

The  length  of  the  life-cycle  in  the  subfamily  Melolonthinae  is  extremely 
variable.  It  has  long  been  known  that  Melolontha  melolontha  requires  three 
years  for  development  in  France  and  southern  Germany  and  four  years  in 
northern  Germany.  In  Mauritius  it  has  been  found  that  Phytalus  Sfnithi 
Ar.  has  a  life-cycle  of  slightly  over  one  year  (De  Charmoy,  1912). 

Although  the  species  of  Phyllophaga  have  been  known  as  important 
pests  for  a  number  of  years,  only  scanty  information  has  been  available 
concerning  their  life-histories,  particularly  with  reference  to  the  length  of 
the  various  stages.  This  is  due,  in  a  large  measure,  to  the  fact  that  practi- 
cally all  of  their  period  of  development  is  spent  beneath  the  surface  of  the 
soil,  where  it  is  difficult  to  observe  their  life  activities.  Chittenden  (1899) 
was  the  first  to  report  the  rearing  of  a  species  of  this  genus.  He  found,  in 
the  case  of  one  individual  of  P.  fervida,  that  781  days  were  required  from 
the  date  of  egg  laying  to  the  transformation  of  the  pupa  to  the  adult.  This 
makes  a  life-cycle  of  three  years  for  the  species  if  the  winter  period  of  adult 
hibernation  is  included.  Davis  (1916),  reporting  on  the  length  of  the 
life-cycle  of  18  species  of  the  genus,  notes  in  his  summary  that  one  species, 
P.  tristis,  invariably  has  a  two-year  period  in  the  region  of  Lafayette, 
Indiana,  and  eleven  other  species,  namely,  P.  fervida,  P.fusca,  P.  vehemens, 
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P.  rugosa,  P.  ilicis,  P.  grandis,  P.  fraterna,  P.  hirticula,  P.  inversa,  P. 
bipartite,  and  P.  congrua,  without  exceptiftn,  have  a  three-year  life-cycle. 
Two  species,  P.  crenulata  and  P.  crassissima,  have  a  three-year  cycle  that 
may  be  extended  to  four  years,  and  certain  other  species,  as  P.  futilis,  P. 
ephilida,  and  P.  implicata,  ordinarily  have  a  three-year  cycle  that  is  often 
reduced  to  two  years.  From  this  it  can  be  seen  that  the  more  important 
species  have,  in  the  latitude  of  Lafayette,  a  three-year  cycle.  Smyth  (1917) 
has  found  that  the  life-cycle  of  P.  vandinei  occupied  approximately  one 
year  in  Porto  Rico.  These  citations  contain  practically  all  our  knowledge 
of  the  life-cycle  of  members  of  the  genus,  and  except  for  the  work  of  Smyth 
very  little  has  been  learned  concerning  the  length  of  the  immature  stages. 

In  a  study  of  the  life-history  and  development  of  white  grubs  carried 
on  by  the  writer  in  Kansas,  seventeen  species  of  the  genus  Phyllophaga 
were  reared  in  varying  numbers  from  the  egg  to  the  adult  state.  The  devel- 
opment of  one  species,  P.  lanceolata,  was  described  in  1919  and  six  others 
in  1920.  In  1925,  ten  others  were  described  and  a  comparison  of  their  devel- 
opment made  with  those  previously  reported.  To  generalize,  it  can  be 
asserted  that  the  results  are  in  accord  with  those  of  Davis  in  showing  a 
decided  variation  of  the  length  of  the  life-cycle  in  most  of  the  species,  this 
variation  being  found  in  the  length  of  the  larval  period.  For  example,  some 
species  have,  in  the  vicinity  of  Manhattan,  Kansas,  either  a  one-,  two-,  or 
three-3^ear  life-history. 

With  the  exception  of  four  species,  P.  affabilis,  P.  submucida,  P.  longi- 
tarsa,  and  P.  lanceolata,  all  of  the  Phyllophaga  reared  by  the  writer  pupate 
in  the  fall  and  pass  the  winter  as  adults.  Accordingly,  in  considering  the 
life-cycle,  eight  or  nine  months  should  be  added  to  the  figures  presented 
in  the  following  table  to  arrive  at  the  total  period  of  life  from  the  time  of 
oviposition  to  the  normal  time  of  death.  In  the  four  exceptions  noted  above, 
pupation  occurs  in  the  spring  or  early  summer  and  the  adults  emerge  soon 
after  transformation. 

To  further  compare  the  life-cycle  of  Phyllophaga,  it  should  be  noted 
that  Davis  (1916)  found  a  two-year  cycle  in  P.  tristis  and  P.  lanceolata;  a 
two-  and  three-year  period  for  P.  bnrmeisteri,  P.  futilis,  and  P.  implicata; 
a  three-year  period  for  P.  arcuata,  P.  bipartita,  P.  congrua,  P.  fraterna,  P. 
fusca,  P.  grandis,  P.  hirticula,  P.  ilicis,  P.  inversa,  P.  rugosa,  and  P. 
vehemens;  and  a  three-year  and  possibly  a  four-year  cycle  in  P.  crassissima 
and  P.  crenulata. 

Smyth  (1917),  in  Porto  Rico,  found  for  14  complete  records  of  P.  van- 
dinei^myth.  an  average  period  of  306  days  from  egg  to  adult  with  a  maximum 
of  395  days  and  a  minimum  of  212  days,  or  expressed  in  months,  from 
seven  to  thirteen  months  with  an  average  of  about  ten  months.  Except  in 
the  case  of  P.  tristis,  this  is  one  of  the  shortest  life-cycles  reported.  It  is 
somewhat  shorter,  but  is  probably  comparable  to  the  one-year  periods  of 


66 


ILLINOIS  BIOLOGICAL  MONOGRAPHS 


[150 


P.  affabilis  and  P.  longitarsa  as  here  recorded.  Criddle  (1918)  reports 
that  P.  nitida,  P.  drakii,  P.  anxia,  and  P.  riigosa  have  in  Manitoba, 
Canada,  a  four-year  life-cycle,  but  gives  no  definite  data  on  the  length  of 
the  various  stages. 

Based  on  actual  rearings  by  the  writer,  the  summaries  of  the  life-cycles 
of  the  17  species  under  observation  are  given  in  Table  XIII. 


TABLE  XIII— SUMMARY  OF  THE  LIFE-CYCLE  IN  THE  GENUS  PHYLLOPHAGA 


Species 

Number  of 

Individuals 

Reared 

Number  of  Days  from 
Egg  to  Adult 

Life-cycle 
in  Years 

Maximum 

Minimum 

Average 

P.  affabilis 

4 

3 

19 

13 

3 

4 

1 

1 

48 

2 

21 

29 

23 

16 

81 

2 

22 

389 
815 
791 
734 
838 
474 
461 
424 
701 
811 
836 
839 
723 
494 
816 
789 
790 

369 
495 
429 
708 
459 
137 
461 
424 
327 
434 
445 
447 
357 
457 
449 
780 
442 

376.6 
703.0 
501.8 
720.3 
591.3 
380.0 
461.0 
424.0 
356.4 
628.5 
735.7 
791.5 
675.7 
469.7 
588.3 
784.5 
470.4 

1 

P.  bipartita 

2  and  3 

P.  corrosa 

2  and  3 

P.  submucida 

2 

P.  vehemens 

2  and  3 

P.  tristis 

P. fusca 

land  2 
2 

P.  crenulata 

2 

P.  longitarsa       

2  and  3 

P.  praetermissa 

2  and  3 

P.  rugosa 

2  and  3 

P.  rubiginosa 

2  and  3 

P.  lanceolata 

1  and  2 

P.  futilis    

2 

P.  crassissima 

P.  hirticula  var.  comosa .  .  . 
P.  implicata 

2  and  3 

3 
2  and  3 

Other  members  of  the  subfamily  are  little  known.  The  rose  chafer, 
Macrodactylus  suhspinosiis,  has  been  studied  and  found  to  have  a  one-year 
life-history.  Other  important  genera,  such  as  Polyphylla,  Serica,  Diplo- 
taxis,  and  Dichelonyx,  are  practically  unknown  as  far  as  knowledge  of  their 
life-history  is  concerned. 

Rutelinae 

It  is  evident  that  there  are  two  distinct  types  of  development  in  the 
two  tribes  of  the  subfamily  Rutelinae.  In  the  tribe  Anomalini  there  appears 
to  be  invariably  a  one-year  life-cycle,  while  in  the  tribe  Rutelini  it  is  known 
that  at  least  two  years  and  often  three  years  are  needed  to  complete  the 
life-history. 

In  the  Anomalini,  Hadley  (1922)  has  pointed  out  that  Popilliajaponica 
requires  one  year  to  develop.  The  writer  (1918)  has  shown  that  Anomala 
binotata  matures  in  one  season.     The  larvae  require,  on  an  average,  8  3 
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days  to  develop,  and  pupation  occurs  in  the  fall.  On  the  contrary,  Anomala 
innuha  normally  matures  in  the  spring,  but  only  requires  one  year  to  com- 
plete growth.  Two  instances  were  noted  wherein  the  larvae  of  A.  innuha 
pupated  in  December.  Anomala  kansana  also  has  a  life-cycle  quite  similar 
to  that  of  A .  innuba.  It  has  also  been  shown  (Hayes,  1921)  that  Strigoderma 
arboricola  Fab.,  another  Anomalini,  has  a  one-year  life-cycle,  in  which 
development  is  completed  in  from  351  to  358  days.  In  this  case  the  larvae 
pass  the  winter  and  pupate  in  the  spring.  In  the  tribe  Rutelini,  Pelidnota 
punctata  requires  two  years  to  mature,  while  Cotalpa  lanigera  needs  either 
two  or  three  years  (Hayes/ 1925).  A  summary  of  the  life-cycle  in  this  sub- 
family, based  mostly  on  rearings  by  the  writer,  is  given  in  Table  XIV. 


TABLE  XIV— SUMMARY  OF  THE  LIFE-CYCLE  IN  RUTELINAE 

Number  of 
Individuals 

Number  of  Days  from 

Species 

Egg  of  Adult 

Life-cycle 
in  Years 

Reared 

Maximum 

Minimum 

Average 

Anomalini 

Anomala  binotata 

— 

100 

119 

— 

1  year 

Anomala  innuba 

— 

330 

356 

342.9 

1  year 

Anomala  kansana 

16 

376 

339 

368.3 

1  year 

Strigoderma  arboricola 

4 

351 

358 

— 

1  year 

Popillia  japonica* 

— 

— 

— 

— 

1  year 

Rutelini 

Pelidnota  punctata 

1 

698 

698 

698 

2  and  prob- 
ably 3  years 

Cotalpa  lanigera 

21 

416 

806 

604.6 

2  and  3  years 

*  Data  on  maximum  and  minimum  periods  not  available. 


Dynastinae 
The  subfamily  Dynastinae  is  remarkable  for  the  fact  that  it  contains 
some  of  the  largest  coleopterous  insects.  One  has  only  to  recall  such  genera 
as  Dynastes  and  Strategus  to  realize  this  fact.  The  group  contains  a  num- 
ber of  species  whose  depredations  on  crops  make  them  of  considerable 
economic  importance,  especially  in  the  southern  part  of  the  United  States 
and  in  the  West  Indies.  One  species,  Ochrosidia  (Cyclocephala)  immaculata 
Burm.,  is  very  injurious  in  the  larval  stage  to  the  roots  of  staple  crops  in 
the  central  states;  and  another,  Ligyrus  gihbosus  DeGeer,  known  as  the  car- 
rot-beetle or  muck-worm,  is  destructive  in  the  adult  stage  to  carrots, 
sunflowers,  and  other  plants.  Both  of  these  have  been  under  observa- 
tion during  the  course  of  this  study.  Ochrosidia  immaculata  has  been  reported 
under  the  name  of  Cyclocephala  villosa  (Hayes,  1918)  and  the  life-cycle 
was  given  as  one  year.  Likewise,  Ligyrus  gibbosus  was  found  (Hayes,  1917) 
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to  have  a  one-year  life-cycle.  Ochrosidia  differs  from  Ligyrus  in  passing  the 
winter  as  a  larva  and  maturing  in  the  spring. 

Smyth  (1916)  has  reported  on  the  period  of  development  of  five  species 
representing  three  genera  of  this  subfamily.  He  found  that  Strategus  titanus 
Fab.,  in  Porto  Rico,  required  an  average  of  338  days  to  reach  maturity, 
Strategus  quadrifoveatus  Beauv.  required  slightly  over  one  year,  and  Ligyrus 
tumulosus  only  77  days.  Two  other  species,  Dyscinetus  trachypygus  and 
Dyscinetus  barbatus,  complete  their  growth  in  104  and  144  days,  respectively. 
Phillips  and  Fox  (1917)  report  the  development  of  Euetheola  rugiceps  in 
about  88  days.  Smyth  (1920)  made  further  reports  on  the  life-cycle  in 
Strategus. 

The  writer  has  reared  three  species  of  this  subfamily,  Ligyrodes  relictus, 
Ligyrus  gibbosus,  and  Ochrosidia  immaculata.  A  summary  of  the  thief 
points  of  interest  in  their  development  is  given  here. 

Adults  of  L.  gibbosus  are  present  in  the  soil  throughout  the  winter  and 
early  spring.  During  the  latter  part  of  April  or  the  first  few  days  of  May, 
and  continuing  throughout  the  summer,  they  emerge  at  night  and  fly  to 
lights,  returning  to  the  soil  before  daybreak.  During  the  summer  of  1916, 
eggs  were  plentiful  from  the  last  of  May  to  late  in  July.  Larvae  were  present 
from  June  throughout  the  remainder  of  the  summer  and  early  fall,  and 
pupae  from  the  last  of  July  to  the  last  of  October.  The  length  of  each 
stage  of  development  is  shown  in  Table  XV. 

Ligyrodes  relictus  is  to  be  regarded  as  a  beneficial  species,  living  as  it 
does  in  manure  and  rotting  haystacks  and  thus  materially  hastening  the 
processes  of  decomposition.  Smith  (1902)  reported  the  beetles  injuring  the 
roots  of  hardy  pyrethrums  and  the  roots  of  sunflowers,  but  his  statement 
that  the  species  is  smaller  than  the  ordinary  June-bug  and  more  roughly 
sculptured,  leads  to  the  suspicion  that  his  determination  was  incorrect. 
These  two  characters  and  the  habit  of  attacking  sunflowers  would  suggest 
that  Ligyrus  gibbosus  was  the  species  in  question.  Smith  appears  to  be  the 
only  writer  who  considers  Ligyrodes  relictus  as  an  injurious  species.  There 
are  no  citations  in  the  literature  treating  of  the  life-history  of  the  species, 
and  scarcely  any  habits  are  mentioned  except  that  the  beetles  and  grubs 
live  in  decaying  vegetable  matter.  The  average  periods  of  development  of 
the  different  stages  have  been  found  to  be:  for  the  egg  stage,  9.3  days; 
the  active  larval  period,  46  days;  the  prepupal  period,  4.1  days;  and  the 
pupal  period,  13.1  days.  The  total  of  72.4  days  for  complete  development 
thus  approximates  very  closely  the  full  period  computed  from  the  length  of 
the  different  stages.  Davis  (1916)  has  reported  that  the  species  develops 
in  one  year,  but  gives  no  data  on  the  length  of  stages.  The  beetles  appear 
above  ground  in  April  or  May  for  the  spring  flight,  returning  to  the  soil 
each  day,  where  mating  occurs.    They  disappear  for  a  short  time  in  June 
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and  July,  and  the  new  brood  appears  in  July  and  August  for  a  second  period 
of  flight. 

The  genus  Ochrosidia  (Cyclocephala)  contains  some  of  our  common  and 
most  injurious  white  grubs.  Forbes  (1891,  p.  40)  reports  the  grubs  of  0. 
immaculata  infesting  grass-land,  corn  on  sod,  roots  of  corn,  and  young  oats. 
Titus  (1905,  p.  14)  found  them  at  the  roots  of  grass  and  sugar-cane  stubble, 
and  Riley  (1870,  p.  307)  recorded  them  in  strawberry  beds.  Davis  (1916, 
p.  264)  states:  ^'Cyclocephala  immaculata  is  frequently  found  in  compost 
heaps  and  in  cultivated  fields,  and  may  obtain  its  full  growth  on  decaying 
matter  alone  or  may  become  a  serious  field  pest,  damaging  crops  similar 
to  those  attacked  by  Lachnosterna  grubs."  To  summarize,  the  life-cycle  of 
0.  unmaculata  is  one  year.  Adults  appear  at  lights  in  June,  July,  and  early 
August.  Eggs,  which  are  laid  in  soil,  hatch  after  9  to  25  days.  The  larva 
passes  the  winter  in  hibernation.  The  larval  stage  was  found  to  average 
347  days.    The  pupal  stage  varied  in  length  from  8  to  24  days. 

A  comparison  of  the  life-cycles  of  these  three  species  with  others  re- 
ported in  the  literature  is  given  in  Table  XV.  In  this  table  it  is  to  be  noted 
that,  of  the  species  whose  life-history  is  known,  the  average  period  of  devel- 
opment ranges  from  72  days,  or  slightly  over  two  months  for  Ligyrodes,  to 
430  days,  or  more  than  a  year,  for  Strategiis  quadrifoveatus . 

TABLE  XV— SUMMARY  OF  THE  LIFE-CYCLE  IN  DYNASTINAE 


Species 

Egg  Stage 

Larval  Stage 

Pupal  Stage 

Egg  to 
Adult 

Aver- 
age 

Max. 

Min. 

Aver- 
age 

Max. 

Min. 

Aver- 
age 

Max. 

Min. 

Average 

Ligyrodes  relictus 

9 

11 

8 

50 

— 

13 

26 

9 

72 

Lig>'rus  tumulosus® 

13 

— 

— 

55 

— 

— 

14 

— 

— 

77 

Ligyrus  gibbosus 

10 

22 

7 

59 

80 

43 

19 

29 

11 

88 

Ochrosidia  immaculata 

15 

25 

13 

347 

384 

335 

17 

21 

15 

379 

Strategus  titanus" 

17 

21 

15 

344 

— 

— 

23 

24 

— 

338 

Strategus  quadrifoveatus" 

20 

— 

— 

385 

— 

— 

27 

— 

— 

430 

Dyscinetus  trachypygus* 

12 

18 

10 

81 

— 

— 

13 

16 

12 

104 

Dyscinetus  barbatus* 

13 

— 

— 

106 

— 

— 

15 

18 

13 

144 

Euetheola  rugiceps^ 

14 

— 

— 

60 

— 

— 

14 

— 

— 

88 

»  Data  from  Smyth  (1916). 

^  Data  from  Phillips  and  Fox  (1917). 

Arrow  (1910,  p.  259),  in  his  summary  of  the  habits  and  metamorphoses 
of  this  subfamily,  points  out  the  following  facts.  They  are  mostly  confined 
to  the  warmer  climates  and  are  of  somewhat  retiring  habits,  and  our  know- 
ledge of  their  metamorphoses  and  modes  of  life  is  exceedingly  scanty.  With 
but  few  exceptions  they  are  nocturnal  or  crepuscular  and  are  not  easily 
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found,  and  in  few  cases  have  their  early  stages  been  traced.  He  points  out 
the  increase  in  the  size  of  the  eggs,  which  is  discussed  on  a  previous  page,  as 
being  characteristic  of  most  scarabaeid  eggs.  Further  comment  is  made  that 
the  larvae  "do  not  differ  in  any  marked  degrees  from  those  of  the  Cetoniinae 
and  allied  subfamilies,"  and  like  the  Cetoniinae  feed  upon  decaying  vege- 
table matter,  and  sometimes  upon  living  roots  or  woody  tissues.  A  discus- 
sion of  the  nest-building  habits  of  Slraiegus  antaeus,  as  quoted  from  Manee 
(1908),  shows  these  larvae  to  feed  first  on  leaves  stored  in  the  nest  and  then 
probably  on  oak  roots.  Various  Dynastinae  are  known  to  feed  on  the  roots 
of  grasses,  one  is  known  to  destroy  the  roots  of  sugar  cane,  and  Orydes 
nasicornis  is  found  in  the  refuse-heaps  of  tanneries,  where  the  larvae  feed 
on  the  decomposed  bark. 

Cetoniinae 

Several  members  of  the  subfamily  Cetoniinae  are  injurious  to  vegeta- 
tion in  the  United  States.  Chief  among  these  are  the  bumble  flower-beetle. 
Euphoria  inda,  and  the  green  June-beetle,  or  fig-eater,  Cotinus  nitida.  As  a 
rule,  the  mandibles  of  the  adults  of  this  subfamily  are  poorly  developed 
and  are  fitted  only  for  the  eating  of  such  light  foods  as  pollen  and  sap. 

There  is  very  little  American  literature  on  the  life-history  of  American 
species  of  this  group.  Euphoria  inda  is  commonly  assumed,  and  probably 
correctly,  to  have  a  one-year  life-cycle,  and  the  green  June-beetle,  Cotinus 
nitida,  has  been  reported  by  Chittenden  and  Fink  (1922)  to  have  a  one-year 
period  of  development.  In  the  present  study,  a  number  of  species  have 
been  under  observation,  such  as  Euphoria  inda,  Trichiotinus  piger,  Osmo- 
derma eremicola,  and  Cremastochelius  nitens.  The  life-cycle  of  none  of  these 
has  been  completely  worked  out,  but  two  species.  Euphoria  fulgida  and 
Euphoria  sepulchralis,  have  been  carried  through  to  maturity  and  the  re- 
sults are  here  summarized  (Hayes,  1925). 


TABLE  XVI— SUMMARY  OF  THE  LIFE-CYCLE  IN  CETONIINAE 


Species 

Number  of  Days  from 
Egg  to  Adult 

Length  of 
Life-cycle 

Maximum 

Minimum 

Average 

Euphoria  fulgida 
Euphoria  sepulchralis 
Euphoria  inda 
Cotinus  nitida* 
Osmoderma  eremicola'' 

434 
123 

323 
74 

381.3 
92.9 

1  year 
1  year 
1  year 
1  year 
3  years 

*  Data  from  Davis  and  Luginbill,  1921. 
*>  Data  from  Sweetman  and  Hatch,  1927. 
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Arrow  (1910,  p.  24)  says  of  this  subfamily,  "Of  the  metamorphosis  and 
habits  of  the  species  we  know  lamentably  little."  There  are,  according  to 
him,  about  2,500  species  in  the  world.  Of  those  occurring  in  America  but 
few  are  of  economic  significance,  and  except  for  the  green  June-beetle, 
Cotinis  nitida,  three  species  of  the  genus  Euphoria,  and  one  of  Osmoderma, 
nothing  has  been  done  toward  working  out  their  life-histories.  Recently 
Sweetman  and  Hatch  (1927),  in  rearing  a  larva  of  Osmoderma  eremicola  for 
18  months,  concluded  that,  allowing  for  outdoor  periods  of  hibernation,  the 
life-cycle  would  be  three  years  for  this  species.  It  is  interesting  to  note  that 
all  whose  life-cycle  has  been  studied  require  but  one  year  to  develop  while 
Osmoderma  with  entirely  different  habits  requires  a  much  longer  time.  The 
little  that  is  known  of  the  development  in  this  subfamily  is  summarized  in 
Table  XVI. 

Laparostidi 
For  an  interesting  account  of  the  biology  of  the  Coprinae  and  other 
dung-feeding  larvae,  the  reader  is  referred  to  Fabre's  The  Sacred  Beetle  and 
Others  (English  translation,  1924).  Here  is  to  be  found  this  author's  study 
of  the  development  of  the  sacred  beetle  {Scarabaeus  sacre),  the  Gymnop- 
leuri,  Copris,  Onthophagus,  and  Geotrupes.  Space  will  not  be  taken  here 
to  quote  it.  No  complete  American  work  has  been  done  on  any  of  our 
species  of  the  subfamily.  Neither  has  there  been  any  investigation  into  the 
length  of  life  of  our  Aphodinae.  The  following  account  of  this  subfamily  is 
a  translation  of  Schmidt's  account  in  Genera  Insectoruni,  fascicle  110, 
(1910). 

The  life-history  and  development  of  the  Aphodinae  are  little  or  not  well  known.  It  is 
generally  observed  that  their  eggs  are  laid  in  dung,  from  which  the  developing  larvae  obtain 
their  nourishment,  and  that  pupation  occurs  in  or  under  the  food  material.  Many  species 
apparently  prefer  and  seek  out  the  excrement  of  a  definite  animal.  Certain  species  develop 
in  the  excrement  of  the  sheep  or  deer,  others  in  that  from  cattle,  some  from  horses;  while 
others  may  prefer  either  that  of  horses  or  cattle.  Certain  European  species  are  known  to 
develop  in  human  wastes.  Hubbard  has  reported  A .  troglodytes  as  living  in  the  burrows  of 
the  land  tortoise,  Gopherus  polypliemiis,  and  Chapman  states  that  .4 .  porctis  lays  its  eggs  in  the 
brood  chambers  of  the  scarabaeid  larvae,  Geotrupes,  or  the  material  upon  which  the  Geotrupes 
feed.  Another  species  occurs  only  in  rabbit  dung.  Psammobius  and  Rhyssemus  inhabit  sandy 
regions.  Their  habits  have  not  been  studied,  but  it  is  thought  that  some  species  of  Rhyssemus 
Hve  on  vegetable  materials  while  others  live  in  dung.  Ohaus  has  noted  some  species  of  Ataenius 
in  dung  and  others  under  the  bark  in  rotten  wood  of  fallen  trees.  Some  exotic  genera  of  this 
subfamily  (Euparia  and  Friedenreichi)  live  with  ants,  while  others  (Chaetopisthes,  Corytho- 
derus,  and  Termitodius)  inhabit  termite  dwelhngs. 
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TAXONOMY 

Early  students  of  American  insects  confined  themselves  to  a  study  of 
the  anatomy  and  classification  of  adult  insects  and  the  working  out  of  their 
life-histories.  This  has  resulted  in  descriptions  of  numerous  new  genera  and 
species  from  adult  characters  and  the  description  of  the  eggs,  larval  and 
pupal  stages,  and  the  host  plants  of  numerous  species.  The  number  of 
known  life-histories  has  been  greatly  increased  by  the  establishment  of 
state  and  federal  experiment  stations  and  the  appointment  of  entomologists 
for  the  study  of  injurious  and  related  species.  There  has  been  a  great 
increase  in  the  number  of  persons  interested  in  the  study  of  immature 
insects;  and  there  have  been  published,  not  only  in  Europe  but  also  in 
America,  many  systematic  studies  attempting  to  furnish  tables  for  the 
identification  of  immature  as  well  as  adult  insects.  All  classification  is 
based  on  anatomical  characters  and  any  attempt  at  identification  must  be 
preceded  by  morphological  studies.  The  anatomy  of  immature  insects  in 
many  cases,  while  similar  in  general  to  that  of  the  adults,  is  frequently  very 
diflterent,  especially  when  the  insects  are  examined  in  detail.  The  larvae 
contain  many  structures  peculiar  to  themselves,  being  in  most  cases  fitted 
to  live  a  life  very  different  from  that  of  the  adults. 

A  study  of  the  anatomy  of  immature  insects  is  of  value  from  three 
points  of  view:  ontogeny,  morphology,  and  classification.  It  has  been 
shown  repeatedly  that  the  complete  history  of  the  individual — its  ontogeny 
— throws  much  light  upon  the  relationship  of  organisms  and  upon  their 
differentiation,  not  only  as  to  species  and  genera  but  also  as  to  families  and 
orders.  Investigators  have  found  that  what  had  been  considered  as  a  single 
species,  from  a  study  of  the  adult  alone,  proved  to  be  a  complex  of  two  or 
more  species  when  the  immature  stages  were  known,  and  that  characters 
previously  believed  to  be  worthless  could  be  used  for  separating  the  adults. 
Ontogenetic  and  morphological  studies  should  proceed  hand  in  hand.  Many 
structures  that  are  complex  and  difficult  to  interpret  in  the  adult  are  easily 
understood  by  a  comparison  with  the  conditions  found  in  immature  insects. 
By  comparative  studies  of  this  sort,  the  homology  and  homodynamy  of 
various  structural  parts  are  easily  determined.  While  it  is  impossible, 
without  at  least  some  morphological  knowledge,  to  attempt  the  identifica- 
tion of  adult  specimens,  such  knowledge  is  equally  pertinent  for  one  under- 
taking the  study  of  the  anatomy  of  immature  insects.  The  classification 
and  identification  of  such  insects  is  of  the  greatest  value  to  the  economic 
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worker,  because  the  investigator  in  this  field  almost  invariably  meets  with 
the  stages  that  are  doing  the  damage — the  nymphs  or  larvae — and,  unless 
it  is  a  species  with  which  he  is  familiar,  it  would  be  impossible  to  identify 
the  pest,  if  no  analytical  tables  were  available,  until  the  adult  has  been  bred. 
It  is  hoped  that  by  a  careful  study  of  the  morphology  and  classification  of 
immature  insects,  the  labor  of  identification  can  be  lessened. 

With  these  facts  in  mind,  the  foregoing  morphological  studies  have  been 
made  for  the  purpose  of  producing  analytical  keys  to  the  various  groups 
of  white  grubs.  The  author  realizes  their  incompleteness.  This  is  due,  in 
great  part,  to  the  fact  that  many  species  are  yet  unknown,  that  in  many 
instances  only  one  or  two  specimens  of  known  species  are  available  and  no 
extended  consideration  of  the  problem  of  variation  can  be  made  at  this  time 
because  of  the  present  state  of  our  knowledge  of  the  group.  The  following 
keys  are  therefore  submitted  as  a  preliminary  step  toward  the  further 
progress  of  the  work.  In  the  key  to  genera  a  few  known  species  have  been 
included.  This  key  appeared  in  a  recent  paper  by  the  writer  (1928)  and  is 
here  included  with  corrections  and  additions.  It  is  gratifying  to  note,  in 
view  of  the  previously  published  statements  that  larvae  of  these  families 
could  not  be  separated,  that  one  of  Prof.  J.  W.  McColloch's  student's 
reports  that  this  key,  as  it  first  appeared,  has  been  helpful  in  his  work  with 
white  grubs.  The  key  to  species  of  the  genus  Phyllophaga  contains  less 
than  one-third  of  the  known  North  American  species  of  this  genus,  but  until 
further  progress  is  made  with  biological  studies  of  the  group  little  advance 
can  be  expected  in  our  acquaintanceship  with  the  many  species  now  un- 
known in  the  larval  stage. 


LARVAL  KEY  TO  FAMILIES  OF  THE  SUPER- 
FAMILY  SCAR.^BAEOIDEA 

1.  Posterior  pair  of  legs  small,  undeveloped  (Fig.  137) ;  coxae  modified  into  scraping, stridulat" 
ing  apparatus;  antennae  three-segmented  (Fig.  94) ;  body  segments  not  distinctly  divided 
into  annulets  and  nearly  devoid  of  spines  and  setae  (Fig.  3) .  .  Passalidae,  genus  Passalus 

1.  Posterior  pair  of  legs  normally  developed,  legs  maj--  or  may  not  be  used  for  stridulation  (Fig. 

135,  136);  antennae  four  or  five-segmented;  body  segments  usually  distinctly  divided  into 
annulets  and  more  or  less  covered  with  spines  and  setae 2 

2.  .Anal  segment  not  trilobed  on  cadual  aspect,  legs  not  modified  for  stridulation  except  in 

Geotrupes  (Figs.  1,  12) Scarabaeidae 

2.  Anal  segment  trilobed  on  caudal  aspect  (Fig.  151,  154);  meso-  and  metathoracic  legs  modi- 

fied for  stridation  (Fig.  135,  136) 3 

3.  Labrum  usually  biemarginate  on  its  distal  magin,  trilobed  (Fig.  33,  36);  emargination  of 

peritreme  of  anterior  spiracles  on  caudal  margin  as  is  the  case  with  the  remaining  spi- 
racles; anal  segment  strongly  trilobed;  larvae  feed  in  wood  (Fig.  2) Lucanid.ae 

3.  Labrum  not  biemarginate  on  its  distal  margin,  more  rounded,  not  trilobed  on  distal  mar- 
gin (Fig.  25);  spiracular  peritreme  of  all  segments  small,  open  on  dorsal  margin,  poorly 
defined  (Fig.  123);  anal  segment  feebly  trilobed  (Fig.  151);  larvae  feed  in  carrion  (Fig.  7) 
Trogidae,  genus  Trox 
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LARVAL  KEY  TO  THE  SUBFAMILIES  OF  SCARABAEIDAE 

1.  Galea  and  lacinia  of  maxilla  not  fused  (Fig.  98,  100),  that  is,  the  mala  is  deeply  bifed; 
usually  coprophagous  larvae Laparosticti    2 

1.  Galea  and  lacinia  of  maxilla  fused  to  form  the  mala  (Fig.  97,  104);  mostly  "leaf  chafers" 

Pleurosticti    6 

2.  Tarsi  without  claws  (Fig.  1),  a  distal  seta  may  be  present;  abdomen  strongly  "humped" 

on  the  dorsum  (Fig.  1);  labrum  trilobedand  biemarginate  (Fig.  64) 3 

2.  Tarsi  with  claws  or  the  tarsus  is  bilobed  on  its  distal  end,  abdomen  not  "humped"  on  the 

dorsum 5 

3.  Antenna  four-segmented Coprinae,  genus  Copris 

3.  Antenna  five-segmented 4 

4.  Tarsus  strongly  rounded  or  blunt  on  its  distal  end;  tormae  of  labrum  (Fig.  55,  t)  not  meeting 

on  the  median  line;  ental  setae  of  lateral  lobes  of  the  epipharynx  (Fig.  55,  //)  numxcrous 
(more  than  eight) Coprinae,  genus  Canthon 

4.  Tarsus  terminating  in  a  long  seta;  tormae  of  labrum  meeting  on  the  median  line  (Fig. 

67.  t);  ental  setae  of  lateral  lobes  of  the  epipharynx  scarce  (usual  one  on  each  lobe) 
Coprinae,  Onthophagus  (Fig.  4) 

5.  Tarsus  without  claws,  bilobed  on  its  distal  end;  posterior  pair  of  legs  considerably  shortened 

(not  as  much  so  as  in  Passalidae) ;  second  and  third  pairs  of  legs  modified  for  stridulation 
Geotrupinae,  genus  Geotrupes 

5.  Tarsus  with  claws  which  are  longer  than  trasus;  legs  not  modified  for  stridulation;  third  pair 

of  legs  not  noticeably  shortened;  body  densely  setaceous  (Fig.  139);  anal  slit  transverse 
(Fig.  139) Glaphyrinae,  genus  Amphicoma 

6.  Mandibles  on  their  caudal  aspect  without  an  oval,  stridulating  area  made  up  of  transverse 

striae  (Fig.  84) ;  radula  usually  with  two  longitudinal  rows  of  mesad  pointing  spines  (not 
present  in  Serica)  (Fig.  156  to  189);  anal  slit  in  the  form  of  an  obtuse  angle  (Fig.  156  to 
189) Melolonthinae 

6.  Mandibles  on  their  caudal  aspect,  with  a  distinct  oval,  stridulating  area  made  up  of  trans- 

verse striae  (Fig.  81,  so) ;  with  or  without  two  longitudinal  rows  of  mesad  pointing  spines 
on  radula;  anal  slit  not  angulate  (Fig.  138)  and  more  transverse 7 

7.  Labrum  symmetrical  (Stephanucha  is  not  symmetrical  but  it  is  a  rare  species),  usually  tri- 

lobed  (except  in  Trichiotinus  which  is  usually  recognized  by  the  presence  of  oceUi): 
epipharynx  with  a  conspicuous,  curved  row  of  small  spines  in  the  region  of  tlie  distal 
sensory  area  (Fig.  57,  st) ;  dorsum  of  abdomen  behind  the  last  spiracle-bearing  segment  not 
divided  transversely  by  an  impressed  line  thus  appearing  as  one  segment  (Fig.  11);  some 
species  are  "black  crawlers,"  others  found  in  soil,  wood,  and  manure Cetoniinae 

7.  Labrum  asymmetrical,  not  trilobed;  epipharynx  without  a  conspicuous,  curved  row  of 

small  spines  in  the  region  of  the  distal  sensory  area  (Fig.  42) ;  dorsum  of  abdomen  behind 
the  last  spiracle-bearing  segment  divided  transversely  by  an  impressed  line  making  it 
appear  as  two  segments  (Fig.  10);  species  of  varied  habits 8 

8.  Ental  aspect  of  the  labrum  with  a  series  of  transverse  striae  on  the  lateral  margins  at 

bases  of  lateral  setae  (Fig.  ¥),st) Tribe  Anomalini  Rutelinae 

8.  Ental  aspect  of  the  labrum  without  a  series  of  transverse  striae  on  the  lateral  margins  at 

bases  of  lateral  setae  (Fig.  50) 9 

9.  Stridulating  teeth  of  maxillae  (Fig.  106,  ms)  sharply  pointed  and  curved,  apices  directed 

distally  (Fig.  1 14) ;  distal  segment  of  maxillary  palpus  usually  without  a  distinct,  setaceous 

sensory  area Tribe  RuteHni  Rutelinae 

9.  Stridulating  teeth  of  maxilla  not  pointed  but  strongly  truncate  being  as  broad  as  long,  not 
curved,  and  not  directed  distally  (Fig.  124) ;  distal  tooth  of  the  series  of  stridulating  maxil- 
lary teeth  twice  as  wide  as  the  others  in  the  series;  distal  segment  of  the  maxillary  palpus 
usually  ending  in  a  setaceous  sensory  area Dynastinae 
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LARVAL  KEY  TO  GENERA  OF  SUBFAMILY  MELOLONTHINAE 

1.  Anal  slit  obtusely  angulate,  not  trilobed  (Fig.  156);  tarsal  daws  of  posterior  legs  less  than 
half  as  long  as  claws  of  the  other  legs;  distal  sensory  area  of  epipharynx  usually  with  seven 
to  eight  strong  spines  (Fig.  25).  A  few  species  of  Phyllophaga,  e.g.,  lanceolata  (Fig.  26), 
have  less  than  seven  spines  but  can  readily  be  distinguished  by  the  lateral  striae  of  the 
epiphar>Tix 2 

1.  Anal  slit  more  acutely  angulate,  faintly  trilobed  (Fig.  140);  tarsal  claws  of  posterior  legs 

more  nearly  equal  in  length  to  the  claws  of  the  other  legs,  never  less  than  half  as  long; 
distal  sensory  area  of  epipharynx  never  with  more  than  four  strong  spines  (Fig.  31,  sp) .  .i 

2.  Longitudinal  double  row  of  spines  of  radula  short,  scarcely  more  than  eight  spines  to  a  row 

(Fig.  141);  head  dark  brown  in  color;  dorsum  of  abdominal  segments  very  densely 
spinose;  striations  of  lateral  margins  of  epipharynx  indistinct  (Fig.  25) ;  epipharynx  never 
with  a  submarginal,  distal  row  of  striae Polyphylla 

2.  Longitudinal  double  row  of  spines  of  radula  longer,  usually  more  than  ten  spines  to  a  row 

(Fig.  156);  head  light  yellow  in  color;  dorsum  of  abdominal  segments  less  densely  spinose; 
striations  of  lateral  margins  of  epipharynx  distinct  (Fig.  26,  st),  epipharynx  with  a  sub- 
marginal,  distal  row  of  striae,  sometimes  difficult  to  observe  in  some  species  (Fig.  26,  svis) 
Phyllophaga 

3.  Epipharynx  with  three  strong  spines  in  distal  sensory  area  (Fig.  31);  radula  with  a  con- 

spicuous transverse  row  of  spines  (Fig.   140) Senca 

3.  Epipharynx  with  four  strong  spines  in  distal  sensory  area  (Fig.  34) 4 

4.  Setae  of  radula  not  hooked  at  the  tip;  presence  or  absence  of  double  longitudinal  rows  of 

spines  on  radula  questionable ;'  Distal  end  of  abdomen  sparsely  clothed  with  shorter, 
stronger  setae;  claws  of  posterior  tarsi  less  than  half  as  long  as  those  of  other  tarsi.  .  .  . 

Diplolaxis 

4.  Setae  of  radula  hooked  at  the  tip  (Fig.  142) ;  radula  with  a  short,  double  row  of  longitudinal 
spines;  distal  end  of  abdomen  densely  clothed  with  long  delicate  setae;  anal  opening 

sharply  acute;  claws  of  posterior  tarsi  equal  in  length  to  claws  of  other  tarsi 

Macrodactylus 


LARVAL  KEY  TO  GENERA   OF  SUBFAMILY    RUTELINAE 

1.  Ental  aspect  of  the  labrum  with  a  series  of  transverse  striae  on  the  lateral  margins  near 
bases  of  lateral  setae  (Fig.  41,  st.) Tribe  Anomalini    2 

1.  Labrum  without  such  transverse  striae  on  its  ental  lat,eral  margins  (Fig.  44) 

Tribe  Rutelini     4 

2,  With  two  of  the  four  spines  of  the  distal  sensory  area  of  the  epipharynx  strongly  fused  at 

the  base  making  a  large  spine  with  its  distal  end  bifed  (Fig.  52,  sp);  longitudinal,  double 
row  of  spines  of  radula  parallel,  not  divergent,  with  eight  spines  in  the  left  row  and  mne 
in  the  right  row Strigoderma  arboricola 

2.  Without  two  spines  of  the  distal  sensory  area  of  the  epipharynx  fused  at  base  to  form  a 

bifed  spine;  longitudinal  double  row  of  spines  of  the  radula  either  parallel  or  diverging 
posteriorly 

3.  Radula  with  longitudinal  rows  of  spines  short,  about  seven  spines  in  each  row;  rows 

strongly  divergent  posteriorly;  sensilliae  of  distal  sensory  area  of  epipharynx  at  bases 
of  distal  spines  about  equal  in  size  and  arranged  nearly  semicircularly  (Fig.  41) .....  . 

Popillia  japonica 

3.  Radula  with  longitudinal  rows  of  spines  usually  longer,  with  twelve  to  thirteen  spines  in 
each  row  (Fig.  143);  rows  more  or  less  parallel  and  frequently  converging  posteriorly; 

1  The  only  specimen  of  "Diplotaxis"  available  does  not  show  the  radula  distinctly.  A  specimen  in  the  Illinois 
Natural  History  Survey  Collection  labeled  "Diplotaxis"  is  apparently  a  species  of  Serica. 
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sensilliae  of  distal  sensory  area  of  epipharynx  at  bases  of  distal  spines  unequal  in  size  and 

not  arranged  as  definitely  in  a  semicircle  (Fig.  40,  43,  46) Anomala 

4.  Larvae  found  in  rotten  logs  or  stumps,  sometimes  under  dried  manure,  Labrum  wider  than 
long;  with  or  without  (Fig.  144)  two  longitudinal  rows  of  spines  on  radula;  setae  of  lateral 
margins  of  labrum  of  various  lengths  but  not  strongly  curved  (Fig.  44,  50) 5 

4.  Larvae  usually  formed  in  sandy  soils,  labrum  (Fig.  50)  as  long  as  wide,  strongly  rounded 

but  asymmetrical;  without  longitudinal  rows  of  spines  on  radula;  lateral  margins  of 

labrum  with  strongly  curved,  flattened  setae  which  increase  in  length  distally 

Cotalpa  lanigera 

5.  Larvae  found  in  rotten  logs  or  stumps,  without  two  longitudinal  rows  of  spines  on  radula 

(Fig.  144) ;  distal  sensory  area  not  produced  into  a  single  large,  chitinous  tubercle,  without 

semicircular  ring  at  base  (Fig.  44) Pelidnota  punctata 

5.  Larvae  under  rotten  logs  or  stumps,  or  under  dried  manure  on  sandy  soils;  with  two 
longitudinal  rows  of  spines  on  radula;  distal  sensory  area  of  epipharynx  produced  into  a 
single  large  chitinous  tubercle,  having  between  its  base  and  the  distal  margin  a  narrow 
chitinous  semicircle Polymoechus  brevipes 

LARVAL  KEY  TO  GENERA  OF  SUBFAMILY  DYNASTINAE 
1.  With  a  single  ocellar  spot  at  base  of  antenna 2 

1.  Without  an  ocellar  spot  at  base  of  antenna 4 

2.  Radula  with  a  longitudinal  cleared  area  surrounded  by  recumbent  spines  similar  to  other 

spines  of  radula,  spines  not  strongly  differentiated  as  in  other  subfamilies  having  the 
double  longitudinal  row  of  spines;  usually  found  in  manure.  .Ligyrodes  {Ligyriis)  relidus 

2.  Radula  without  such  a  longitudinal,  non-setose  area  formed  by  the  absence  of  spines  or 

•2 

setae "" 

3.  Distal  sensory  area  of  epipharynx  produced  into  a  long,  proximal  pointing,  chitinous 

process  which  is  curved  at  its  apex,  at  its  base  are  numerous  large  setae  (Fig.  48,  dsa); 
head  brownish-tan  in  color;  usually  found  in  burrows  near  manure Strategus 

3.  Distal  sensory  area  of  epipharynx  not  produced  into  a  long,  proximal  pointing,  chitinous 

process  nearly  devoid  of  setae  in  the  region  of  the  distal  sensory  area  (Fig.  151);  head 

nearly  black  in  color,  densely  punctate;  usually  found  on  soil  among  dead  leaves  in  woods 

Xylorydes 

4.  Epipharynx  with  the  chitinous  portion  of  the  distal  sensory  area  produced  to  form  a  single 

broad  tubercle  (fig.  45) ;  labrum  strongly  asymmetrical;  sides  of  labrum  strongly  rounded; 
setae  of  radula  very  short,  not  hooked  (Fig.  145) Ligyrus  gibbosiis 

4.  Epipharynx  with  the  chitinous  portion  of  the  distal  sensory  area  produced  to  form  two 

tubercles  or  spines  (Fig.  53,  54),  labrum  more  nearly  symmetrical;  sides  of  labrum  less 
rounded ^ 

5.  Distal  sensory  area  of  the  epipharynx  produced  in  the  form  of  two  broad  tubercles  close  to 

the  distal  margin  of  the  labrum  (Fig.  54) ;  head  and  mandibles  almost  black  in  color;  head 
strongly  punctured;  prothorax  with  a  large,  brown  more  heavily  chitinized  area  on  the 

sides  which  is  deeply  bipunctate;  usually  extremely  large  gmbs Dynastes  tityrus 

5.  Distal  sensory  area  of  the  epipharynx  produced  in  the  form  of  two  small  spines  and  more 
remote  from  the  distal  margin  of  the  labrum  (Fig.  53) ;  head  yellow  in  color;  sparsely  and 
finely  punctate;  prothorax  without  brown,  chitinous  areas  on  sides;  never  extremely 
large  grubs Ochrosidia  (Cyclocephala)  immaculata^ 

5  Dyscinetus  has  not  been  studied.  Davis  (1916)  states  that  D.  trackypygus  has  "a  dark  brown  head  which  is 
inconspicuously  reticulate  and  covered  with  irregularly  placed  fine  punctures,  in  this  respect  differing  from  all 
species  (which  he  mentions)  except  Strategus,  the  head  of  which  is  much  more  coarsely  punctate  and  the  species  is 
much  larger.  The  ventral  surface  of  the  anal  segment  bears  a  patch  of  hooked  spines  and  the  upper  surface  of  the 
same  segment  is  covered,  excepting  along  the  median  line,  with  fine  hairs,  those  at  the  tip  being  shorter,  stouter 
and  more  spine-like." 
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LARVAL  KEY  TO  GENERA  OF  SUBFAMILY  CETONIINAE 

1.  Labrum  almost  as  long  as  wide,  not  distinctly  trilobed  (Fig.  66) ;  emarginations  of  labrum 
relatively  shallow;  a  distinct  ocellar  spot  at  base  of  each  antenna;  distal  sensory  area  of 

epipharynx  produced  into  a  conspicuous  chitinous  tubercle;  larvae  live  in  wood 

Trichiotinus 

1.  Labrum  considerably  wider  than  long,  distinctly  trilobed,  relatively  deeply  emarginate 

(Fig.  62) ;  no  ocellar  spot  at  base  of  antenna;  distal  sensory  area  not  produced  into  a  chit- 
inous tubercle;  larvae  live  in  various  situations,  one  genus,  (Osmoderma,)  in  wood.  .  .2 

2.  Epipharj-nx  with  a  chitinous,  semicircular  carina  near  distal  margin  of  the  median  lobe 

(Fig.  65) ;  proximad  of  this  ridge  is  a  semicircle  of  about  sixteen  sensory  pores.'  On  the 
side  of  the  epipharj-nx  additional  pores  apparently  make  the  semicircle  continuous  almost 
to  the  cl^-peo-labral  suture;  tarsal  claws  normal,  curved  and  sharply  pointed;  larvae  live 
in  ant  nests Cremaslocheilus 

2.  Epipharynx  without  a  chitinous,  semicircular  carina  on  distal  margin  of  median  lobe;  the 

median  lobe  is  provided  with  a  conspicuous  semicircle  of  spines  (Fig.  68) ;  tarsal  claws 
usually  modified  into  blunt,  cylindrical,  setaceous  tubercles* 3 

3.  Epiphar>Tix  with  about  ten  spines  in  a  semicircular  row  in  distal  sensory  area;  placed 

somewhat  obliquely  (Fig.  68) ;  no  chitinous  sensory  tubercle  in  proximal  sensory  area 
near  clypeo-labral  suture  mesad  of  tormae;  larva  live  in  sandy  soil  (rare) .  .SUphanucha 

3.  Epipharynx  usually  with  more  than  ten  spines  (about  15-17)  in  a  semi-circular  row  in 

distal  sensory  area;  placed  almost  transversely;  with  a  well-defined  sensory  tubercle  in 
proximal  sensory  area  near  cylpeo-labral  suture  (Fig.  57,  59);  larvae  crawl  on  their 
backs .'  ' ; 

4.  Radula  of  last  abdominal  segment  without  a  longitudinal,  double  row  of  mesad  pointing 

spines;  larvae  live  in  wood Osmoderma  eremicola 

4.  Radula  of  last  abdominal  segment  with  a  longitudinal  double  row  of  mesad  pointing  spines; 

larvae  live  in  manure  or  soil  that  is  rich  in  decaying  organic  matter 5 

5.  Radula  of  last  abdominal  segment  (Fig.  150)  with  spines  of  the  longitudinal  rows  short, 

separated  from  each  other  by  a  distance  neariy  equal  to  the  length  of  the  spines;  apices 
of  opposing  spines  distant  from  each  other  by  less  than  the  length  of  an  individual  spine; 
spines  about  twice  as  long  as  their  width  at  base;  antepenultimate  antennal  segment 
longer  than  the  terminal  segment;  usually  found  in  rich,  sandy  or  loam  soil Cotinis 

5.  Radula  of  last  abdominal  segment  (Fig.  148,  149)  with  spines  of  longitudinal  rows  longer, 

separated  from  each  other  by  a  distance  much  less  than  the  length  of  the  spines;  apices 
of  opposing  spines  separated  from  each  other  by  a  distance  greater  than  the  length  of  an 
individual  spine;  spines  considerably  more  than  twice  as  long  as  width  at  base;  antepenul- 
timate antennal  segment  not  longer  than  the  terminal  segment,  larvae  usually  found  in 
manure ;  '  ■ 

6.  Radula  of  last  abdominal  segment  with  spines  of  longitudinal  rows  diverging  posteriorly 

(Fig  149)  Euphoria  sepulchralis 

6.  Radula  of  last  abdominal  segment  with  spines  of  longitudinal  rows  converging  posteriorly 
(Fig.  148) Euphoria  ituia  and  Euphoria  Julgida 

LARVAL  KEY  TO  GENERA  OF  FAMILY  LUCANIDAE 

2 

1.  Antennae  five-segmented 

1.  Antennae  four-segmented ■ 

2.  Dorsal  lobe  of  the  three  anal  lobes  acutely  pointed  on  its  ventral  margin,  lateral  lobes  with 

»  In  the  only  specimen  available  for  study  the  epipharynx  is  almost  devoid  of  setae  but  in  their  place  numerous 
pores  are  present  which  may  be  trichopores  whose  setae  have  been  lost,  or  they  may,  in  fact,  be  sensillia. 
*  Claws  of  SUphanucha  have  not  been  examined. 
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a  concentric  oval  line  (Fig.  154) Dorcus 

2.  Dorsal  lobe  of  the  three  anal  lobes  with  its  ventral  margin  strongly  rounded;  lateral  lobes 

without  a  concentric  oval  line Lucanus 

3.  Caudal  region  of  radula  of  the  last  ventral  segment  with  spinose  setae;  anal  opening  on 

each  side Platycerus^ 

3.  Caudal  region  of  radula  without  spinose  setae  (Fig.  153) 4 

4.  Lateral  lobes  of  anus  large,  subtriangular,  not  emarginate  at  their  ventral  point  of  union; 

superior  lobe  large Ceruchus 

4.  Lateral  lobes  of  anus  plainly  eliptical,  emarginate  at  their  ventral  point  of  union;  superior 
lobe  small  (Fig.  153) Sinodendron 


ARTIFICIAL  KEY  TO  SOME  KNOWN  THIRD  INSTAR  LARVAE 
OF  THE  GENUS  PHYLLOPHAGA 

1.  Longitudinal  rows  of  radula  with  less  than  five  spines  (usually  four  in  right  and  three  in 
left  row) ;  the  tips  of  opposing  spines  greatly  overlapping,  extending  almost  to  the  bases 
of  the  opposing  spines  (Southwestern  species)  (Fig.  157) cribrosa  (Lee.) 

1.  Longitudinal  rows  of  radula  with  more  than  five  spines  in  each  row;  the  tips  of  opposing 

spines  never  greatly  overlapping  (excepting  longitarsa  which  has  8  to  12  spines) 2 

2.  Each  longitudinal  row  of  radular  spines  composed  of  a  series  of  spines  varying  from  two 

rows  at  the  anterior  end  to  three  and  four  rows  posteriorly,  these  compound  rows  and 
space  between  them  being  rather  strongly  divergent  posteriorly;  cephalic  spines  usually 
shorter  than  the  caudal  spines  (Southwestern  species)  (Fig.  158) Jarda  (Lee.) 

2.  Each  longitudinal  row  of  radular  spines  composed  of  a  single  series  of  spines,  not  composed 

of  several  rows  as  in  farcta,  may  or  may  not  diverge  posteriorly ;  spines  of  various  lengths .  3 

3.  Longitudinal  rows  with  never  more  than  16  spines  in  each  row,  usually  less  but  not  fewer 

than  five 4 

3.  Longitudinal  rows  with  more  than  16  spines  in  a  row 10 

4.  Two  rows  of  longitudinal  spines  arranged  in  the  form  of  a  distinct  oval;  with  12-13  spines 

in  each  row;  spines  short,  scarcely  as  long  as  the  distance  separating  the  bases  of  ad- 
joining spines  (Fig.  188) iristis  (Fab) 

4.  Two  rows  of  longitudinal  spines  arranged  in  nearly  parallel  rows;  with  from  5-16  spines 

in  each  row;  spines  variable  in  length  and  distance  apart 5 

5.  Majority  of  spines  in  each  row  separated  from  each  other  at  base  by  a  distance  that  is  less 

than  the  length  of  the  individual  spines;  each  row  of  spines  strongly  irregular;  with  8  to 
16  spines  in  each  row 6 

5.  Majority  of  spines  in  each  row  separated  from  each  other  at  base  by  a  distance  equal  to, 

or  greater  than  the  length  of  the  individual  spines;  each  row  of  spines  more  nearly  regular 
or  parallel;  number  of  spines  in  each  row  never  more  than  14 7 

6.  Spines  14  to  16  in  a  row;  apices  of  opposing  spines  separated  by  a  distance  equal  to  or 

slightly  less  than  the  length  of  the  individual  spines;  the  majority  of  spines  directed 
cephalo-mesad  (Fig.  163) gracilis  (Burm.) 

6.  Spines  8-12  in  a  row;  apices  of  opposing  spines  extending  beyond  the  meson  and  over- 

lapping or  crossing  each  other;  the  majority  of  spines  directed  caudo-mesad  (Fig.  162) 
longitarsa  (Say) 

7.  Most  of  the  apices  of  opposing  spines  separated  from  each  other  by  a  distance  equal  to  or 

greater  than  the  length  of  the  individual  spines;  11  to  13  spines  in  each  row  (Fig.  180) 

implicita  (Horn) 

7.  Most  of  the  apices  of  opposing  spines  separated  from  each  other  by  a  distance  less  than 
the  length  of  the  individual  spines 8 

'  Genus  not  seen.   The  characters  given  above  are  from  Ferris  (1877)  after  Mulsant. 
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8.  Most  ef  the  apices  of  opposing  spines  reaching  the  meson  and  very  narrowly  separated 
from  each  other;  12-13  spines  in  each  row  (Fig.  171) veheniens  (Horn) 

8.  Most  of  the  apices  of  opposing  spines  not  reaching  the  meson  with  the  opposing  apices 

more  widely  separated  from  each  other;  13-14  spines  in  pach  row 9 

9.  Spines  shorter,  much  less  than  half  the  length  of  the  distance  separating  the  majority  of 

adjacent  spines  at  their  base;  13  spines  in  each  row  (Fig.  156) lanceolata  (Say) 

9.  Spines  longer,  usually  greater  than  half  the  length  of  the  distance  separating  the  majority 

of  adjacent  spines  at  their  base;  14  spines  in  each  row  (Fig.  175) drakei  (Kby.) 

10.  Spines  of  radular  rows  not  stout;  individual  spines  usually  equal  in  length  or  shorter  than 
the  intervening  distance  between  the  bases  of  adjacent  spines;  the  bases  of  the  spines 
much  narrower  than  the  interval  between  the  spine^ 11 

10.  Spines  of  radular  rows  usually  stout;  individual  spines  in  most  instances  m^uch  longer 
than  the  intervening  distance  between  the  bases  of  adjacent  spines;  in  many  species  the 
bases  of  the  spines  are  wider  than  the  interval  between  the  adjacent  spines 18 

11.  Apices  of  most  of  the  opposing  spines  meeting,  or  slightly  overlapping  each  other,  on  the 
meson;  19-22  spines  in  each  row;  a  conspicuous  transverse  row  of  setae  between  the 
radular  spines  and  the  anal  opening  (Fig.  161) ephilida  (Say) 

11.  Apices  of  most  of  the  opposing  spines  not  meeting  on  the  meson,  the  tips  of  opposing 
spines  being  separated  from  each  other  by  a  distance  equal  to  or  greater  than  the  length 
of  the  individual  spines;  19-29  spines  in  each  row;  no  conspicuous  transverse  row  of  setae 
between  the  radular  spines  and  the  anal  opening 12 

12.  Spines  of  radula  arranged  in  nearly  parallel  rows;  29  spines  in  left  row,  25  in  right  row; 
spines  short,  scarcely  longer  than  their  width  at  base  (Fig.  173) homi  (Smith) 

12.  Spines  of  radular  rows  arranged  in  more  irregularly  parallel  rows,  no  rows  with  more  than 
27  spines;  most  spines  considerably  longer  than  their  width  at  base 13 

13.  Longitudinal  rows  with  from  25  to  27  spines 14 

13.  Longitudinal  rows  with  from  17  to  21  spines 15 

14.  Rows  of  spines  very  irregularly  parallel:  with  25  spines  in  right  row  and  27  in  left  row; 

spines  about  equal  in  length  to  the  distance  between  adjacent  bases  (Fig.  189) 

inversa  (Horn) 

14.  Rows  of  spines  more  regularly  parallel;  with  26  spines  in  each  row;  spines  usually  shorter 
than  the  distance  between  adjacent  bases  (Fig.  160) laiifrons  (Lee) 

15.  Radular  rows  of  spines  diverging  anteriorly 16 

15.  Radular  rows  of  spines  not  diverging  anteriorly 17 

16.  Radular  rows  of  spines  approximate  at  caudal  ends  (distance  between  opposing  apices  of 
caudal  spines  less  than  the  length  of  the  spines);  19  to  20  spines  in  each  row  (Fig.  183) 
delata  (Horn) 

16.  Radular  rows  of  spines  less  approximate  at  caudal  ends  of  rows  (distance  between  opposing 
apices  of  caudal  spines  at  least  equal  to  or  greater  than  the  length  of  the  spines);  17  to 
19  spines  in  each  row  (Fig.  172) fusca  (Froel.) 

17.  With  19  to  21  spines  in  each  longitudinal  row;  the  two  rows  constricted  at  middle^  (Fig. 

176) marginalis  (Lee.) 

17.  With  18  spines  in  each  longitudinal  row;  the  two  rows  not  constricted  at  middle  (Fig.  1 74) 

fervida  (Fab.) 

18.  Spines  of  radular  rows  short,  scarcely  longer  than  the  intervening  spaces  at  their  bases; 
the  rows  of  spines  strongly  diverging  caudally  then  converging  near  their  caudal  ends. .  19 

18.  Spines  of  radular  rows  considerably  longer  than  the  intervening  spaces  at  their  bases; 
not  strongly  divergent  but  in  a  few  species  becoming  gradually  curved  near  caudal  ends 
20 

•  In  the  single  third  instar  of  this  species  studied  this  constriction  appears  but  this  may  be  an  abnormality 
since  several  second  instar  grubs  available  do  not  show  this  constriction. 
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19.  Spines  of  radular  rows  strongly  divergent  before  the  middle;  rows  not  meeting  at  their 
anterior  and  posterior  ends;  with  23  spines  in  each  row  (Fig.  186) vetula  (Horn) 

19.  Spines  of  radular  rows  becoming  suddenly  strongly  divergent  at  or  behind  middle;  rows 
meeting  at  anterior  end;  left  row  with  a  conspicuous  interval  devoid  of  spines;  with  27 
and  28  spines  in  the  rows  (Fig.  167) calceaia  (Lee.) 

20.  Rows  nearly  parallel;  apices  of  most  opposing  spines  separated  by  a  distance  less  than  the 
length  of  the  spines  (Fig.  164) fiUilis  (Lee.) 

20.  Rows  more  or  less  parallel  or  gradually  curving;  apices  of  the  majority  of  opposing  spines 
separated  by  a  distance  equal  to  or  greater  than  the  length  of  the  spines 21 

21.  Rows  short,  occupying  less  than  half  the  distance  between  the  anal  opening  and  the 
anterior  margin  of  the  segment;  spines  regularly  placed  and  rows  slightly  curving  near 
caudal  end;  20  to  22  spines  per  row  (Fig.  187) afabilis  (Horn) 

21.  Rows  longer,  occupying  one-half  or  more  of  the  distance  between  the  anal  opening  and 
the  anterior  margin  of  the  segment;  spines  of  varying  arrangement;  usually,  but  not 
always,  with  more  than  22  spines  per  row 22 

22.  Spines  short,  not  more  than  twice  as  long  as  width  at  base 23 

22.  Majority  of  spines  considerably  more  than  twice  as  long  as  width  at  base 25 

23.  Spines  of  uniform  size  and  length,  rows  more  regularly  spaced  and  gradually  curving  out- 
ward at  center  and  approaching  one  another  at  each  end;  with  24  spines  in  one  row  and  29 
in  the  other  (Fig.  177) fraterna  Harris 

23.  Spines  not  of  uniform  size  and  length,  rows  more  irregularly  spaced  and  not  gradually 
curving  outward;  with  not  less  than  27  spines  in  any  row 24 

24.  Rows  of  spines  nearly  parallel,  but  with  rather  jagged  rows  not  noticeably  approaching 
each  other  at  the  ends;  with  27  in  one  row  and  29  in  another  (Fig.  165) .  .prunina  (Lee.) 

24.  Rows  of  spines  not  parallel,  slightly  curving  and  approaching  each  other  at  caudal  end; 
with  33  spines  in  one  row  and  32  in  another  (Fig.  184) Uicis  (Knoch) 

25.  Rows  strongly  curved  anteriorly  to  form  a  rounded  cephalic  end  composed  of  smaller 
spines,  one  row  with  24  spines,  the  other  with  28  spines  leaving  two  conspicuous  spines 
at  caudal  end  with  no  spines  opposing  them  in  the  other  row  (Fig.  185) 

crenulata  (Froel.) 

25.  Rows  not  conspicuously  rounded  at  anterior  end;  without  unopposed  spines  at  caudal  end 
of  one  row 26 

26.  Rows  of  spines  longer,  with  32  spines  in  one  row  and  31  in  the  other  (Fig.  179) 

profufida  (Blanch.) 

26.  Rows  of  spines  shorter,  with  less  than  30  spines  in  any  row 27 

27.  Spines  irregularly  placed,  forming  jagged  rows 28 

27.  Spines  regularly  placed,  forming  more  even  rows 30 

28.  Three  caudal  spines  of  each  row  not  more  than  half  as  long  as  the  majority  of  the  spines 

cephalad  of  them:  with  25  spines  in  one  row  and  24  in  the  other  (Fig.  ISl).. balia  (Say) 

28.  Three  caudal  spines  not  differing  greatly  in  length  from  the  cephalic  ones 29 

29.  With  27  spines  in  each  row  (Fig.  166) congrua  (Lee.) 

29.  With  25  spines  in  one  row  and  26  in  the  other  (Fig.  168) crassissima  (Blanch.) 

30.  With  both  rows  of  spines  bent  or  constricted  mesally  near  the  middle  of  the  rows,  29 
spines  in  each  row  (Fig.  182) hiriicula  (Knoch.) 

30.  With  not  more  than  one,  or  none,  of  the  rows  constricted  near  the  middle  of  the  row;  not 

more  than  26  spines  in  each  row ^1 

31.  Apices  of  most  of  the  opposing  spines  widely  separated,  being  nearly  twice  the  length  of 
the  spines  apart "^2 

31.  Apices  of  most  of  the  opposing  spines  not  as  widely  separated,  being  considerably  less 
than  twice  the  length  of  the  spines  apart ^^ 

32.  With  the  right  row  of  spines  constricted  or  bent  near  its  middle;  28  spines  in  one  row  and 
24  in  the  other  (Fig.  178) corrosa  (Lee.) 
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32.  With  neither  row  of  spines  constncted  or  bent  near  the  middle;  23  spines  in  one  row  and  20 
in  the  other  (Fig.  159) torta  (lee.) 

33.  Rows  of  spines  rather  regularly  curved  throughout;  with  22  spines  in  one  row  and  25 
in  the  other  (Fig.  170) micans  (Knoch) 

33.  Rows  of  spines  somewhat  bulging  behind  the  center;  with  24  spines  in  one  row  and  26  in 
the  other  (Fig.  169) bipartita  (Horn) 

SUMMARY 

The  foregoing  study  of  the  larvae  of  North  American  Lamellicornia, 
including  the  now  recognized  families — Scarabaeidae,  Lucanidae,  Trogidae, 
and  Passalidae — attempts  to  bring  together  our  knowledge  of  their  biol- 
ogy, including  the  writer's  life-history  studies,  and  presents  keys  for  their 
identification  based  on  morphological  studies.  No  comparative  studies  of 
the  structural  characters  of  these  insects  have  hitherto  been  attempted, 
and  it  is  hoped  that  this  work,  though  far  from  being  complete,  will  afiford 
a  stepping-stone  to  further  progress  in  our  knowledge  of  the  group. 

For  taxonomic  purposes  the  characters  of  the  mouthparts  and  the  last 
abdominal  segment  have  proved  the  most  useful.  The  analytical  keys  can 
be  considered  only  preliminary,  inasmuch  as  a  great  many  of  our  species 
are  still  unknown  in  the  larval  stage.  The  long  life-cycle  in  many  species 
makes  rearing  very  difi&cult. 

In  the  discussion  given  to  biology,  there  have  been  brought  together, 
in  a  comparative  way,  the  more  general  facts  concerning  postembryonic 
development.  Some  consideration  is  given  to  the  late  embryonic  processes, 
and  larval  development  is  considered  in  a  general  way,  as  is  also  pupal 
development.  This  is  followed  by  more-detailed  life-history  studies  in  the 
sub-families  Melolonthinae,  Rutelinae,  Dynastinae,  Cetoniinae,  and  the 
coprophagous  species  of  the  family  Scarabaeidae. 
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PLATE  I 
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EXPLANATION  OF  PLATETI 
Lateral  Aspects  of  the  Larvae  of  Scarabaeoidea 


Fig.  L  Pinotus  Carolina. 

Fig.  2.  Sinodendron  rugosum. 

Fig.  3.  Passalus  cornutus. 

Fig.  4.  Onthophagus  vaca  (after  Mulsant). 

Fig.  5.  Amphicoma  sp. 

Fig.  6.  Aphodius  sp.  (prob&hly  fimetarius) . 
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PLATE  II 
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EXPLANATION  OF  PLATE  II 
Lateral  Aspects  of  the  Larvae  of  Scarabaeoidea 


Fig. 

7. 

Trox  sp. 

Fig. 

8. 

Anomala  kansatia. 

Fig. 

9. 

Ochrosidia  immaculata. 

Fig. 

10. 

Ligyrus  gibbosus. 

Fig. 

11. 

Euphoria  inda. 

Fig. 

12. 

Phyllophaga  crassissima. 
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PLATE  III 
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EXPLANATION  OF  PLATE  III 
Cephalic  Aspect  of  the  Larval  Heads 

Fig.  13.  Canthon  laevis. 

Fig.  14.  Aphodius  sp. 

Fig.  IS.  Atnphicoma  sp. 

Fig.  16.  Phyllophaga  crassissima. 

Fig.  17.  Serica  sp. 

Fig.  18.  Anomala  kansana. 

Fig.  19.  Ligyrus  gibbosus. 

Fig.  20.  Cotalpa  lanigera. 

Fig.  21.  Euphoria  inda. 

Fig.  22.  Troxsp. 

Fig.  23.  Sinodendron  rugosum.* 

Fig.  24.  Passalus  cornuttts. 
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PLATE  IV 
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EXPLANATION  OF  PLATE  IV 

Epipharynx 


Fig.  25. 

Polyphylla  decemlineala. 

Fig.  26. 

Phyllophaga  lanceolata. 

Fig.  27. 

Phyllopkaga  tristis. 

Fig.  28. 

Macrodactylus  subspinosus. 

Fig.  29. 

Phyllophaga  fusca. 

Fig.  30. 

Dorcus  sp. 

Fig.  31. 

Serica  sp. 

Fig.  32. 

Phyllophaga  rugosa. 

Fig.  33. 

Sinodendron  rugosum. 

Fig.  34. 

Diplotaxis  sp. 

Fig.  35. 

Phyllophaga  cribrosa. 

Fig.  36. 

Passalus  cornuius. 

Fig.  37. 

Phyllophaga  futilis. 

Fig.  38. 

Phyllophaga  corrosa. 

Fig.  39. 

Trox  sp. 
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PLATE  V 
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EXPLANATION  OF  PLATE  V 
Epiphaeynx 


Fig.  40.  Anomala  orientaiis. 

Fig.  41.  Popillia  japonica. 

Fig.  42.  Ligyrodes  relictus. 

Fig.  43.  Anomala  kansana. 

Fig.  44.  Pelidnota  punctata. 

Fig.  45.  Ligyrus  gibbosus. 

Fig.  46.  Anomala  inntiba. 

Fig.  47.  Polymoechus  brevipes. 

Fig.  48.  Strategus  antaeus. 

Fig.  49.  A  nomala  binotata. 

Fig.  50.  Cotalpa  lanigera. 

Fig.  51.  Xyloryctes  satyrus. 

Fig.  52.  Strigoderma  arboricola. 

Fig.  53.  Ochrosidia  immaculata. 

Fig.  54.  Dynastes  tityrus. 
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PLATE  VI 
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EXPLANATION  OF  PLATE  VI 
Epipharynx 


Fig.  55.  Canthon  laevis. 

Fig.  56.  A  phodius  sp. 

Fig.  57.  Euphoria  Jul gida. 

Fig.  58.  Geotrupes  stercorarius.   (after  Schiodte) 

Fig.  59.  CoHnis  nitida. 

Fig.  60.  Euphoria  sepulchralis. 

Fig.  6L  Amphicoma  sp. 

Fig.  62.  Osmoderma  eremicola. 

Fig.  63.  Euphoria  inda. 

Fig.  64.  Copris  tullius. 

Fig.  65.  Cremastocheilus  sp. 

Fig.  66.  Trichiotinus  piger. 

Fig.  67.  Onihophagus  sp. 

Fig.  68.  Stephanucha  pilipennis. 

Fig.  69.  Phyllophaga  fiUilis.  sense  cone 


ABBREVIATIONS  EMPLOYED 

c^ 

chitinous  plate 

psa 

proximal  sensory  area 

ds 

clypeal  sensillia 

sa 

sensillia 

cW 

clypeo-labral  suture 

sc 

sense-cone 

dsa 

distal  sensory  area 

sms 

submarginal  striae 

U 

lateral  lobe 

sp 

spines 

Is 

lateral  striae 

St 

setae 

ml 

median  lobe 

torma 

ILLINOIS  BIOLOGICAL   MONOGRAPHS 


VOLUME  XII 


HAYES 


LARVAL  SCARABAEOIDEA 


PLATE  VI 


181]  LARVAL  SCARABAEOIDEA— HAYES  97 


PLATE  VII 
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EXPLANATION  OF  PLATE  VII 

Right  and  Left  Mandibles. — Cephalic  Aspect 

Fig.  70.   Anomala  kansana. 

Fig.  7L  Aphodius  fimetarius. 

Fig.  72.   Stephanncha  pilipennis. 

Fig.  73.   Euphoria  inda. 

Fig.  74.  Cotalpa  lanigera. 

Fig.  75.   Ligyrus  gibbosus. 

Fig.  76.   Phyllophaga  crassissima. 

Fig.  77.  Mandibular  articulation. 

Fig.  78.   Canthon  laevis. 

Fig.  79.   Fassalus  cornidus. 

Fig.  80.  Sinodendron  rugosum. 
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PLATE  VIII 
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EXPLANATION  OF  PLATE  VIII 

Right  and  Left  IMaxdibles — Caudal  Aspect  and  Epipharynx 


Fig.  81. 

Anomala  kansana. 

Fig.  82. 

Euphoria  inda. 

Fig.  83. 

Cotalpa  lanigera. 

Fig.  84. 

Pkyllophaga  crassissima. 

Fig.  85. 

Canlhon  laevis. 

Fig.  86. 

Amphiconia  sp. 

Fig.  87. 

Stephamicha  pilipennts. 

Fig.  88. 

Ligyrus  gibbosiis. 

Fig.  89. 

Passalus  cormUus. 

Fig.  90. 

Pinotus  Carolina.   Epipharynx. 

Fig.  91. 

Anomala  kansana.   Showing  connection  of  epipharynx  and  hypopharynx. 
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PLATE  IX 


Fig. 

93. 

Fig. 

94. 

Fig. 

95. 

Fig. 

96. 

Fig. 

97. 

Fig. 

98. 

Fig. 

99. 

Fig. 

100. 

Fig. 

101. 

Fig. 

102. 

Fig. 

103. 

Fig. 

104. 

Fig. 

105. 

Fig. 
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Fig. 

107. 

Fig. 
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EXPLANATION  OF  PLATE  IX 
Caudal  and  Lateral  Aspects  of  Head;  Antennae,  Maxillae  and  Paets,  Spiuacles,  Legs 
Fig.    92.  Phyllophaga  crassissinia.   Caudal  aspect  of  the  head. 

Canthon  laevis.   Caudal  aspect  of  the  head. 

Passalus  cornutus.   Antenna. 
95.   Stephanucha  pilipennis.   Antenna. 

Anomala  kansana.   Antenna. 

Ligyrus  gibbosus.   Cephalic  aspect  of  right  maxilla. 

Canthon  laevis.   Cephalic  aspect  of  right  maxilla. 

Avtphicoma  sp.   Cephalic  aspect  of  right  maxilla. 

Aphodius  sp.   Cephalic  aspect  of  right  maxilla. 

Anomala  kansana.   Pro  thoracic  leg. 

Anomala  kansana.  Meta thoracic  leg. 

Passalus  cornutus.   Cephalic  aspect  of  right  maxilla. 

Stephanucha  pilipenfiis.   CephaUc  aspect  of  right  maxilla. 

Anomala  kansana.   Caudal  aspect  of  right  maxiUa. 

Anomala  kansana.   Cephalic  aspect  of  right  maxilla. 

Anomala  kansana.  Articulation  of  maxiUa  and  postgena. 

Anomala  kansana.  Lateral  aspect  of  the  head. 
Fig.  109.  Articulation  of  mandible  and  maxillae  with  head  capsule. 
Fig.  110.  Anomala  kansana.  Labrum. 

Fig.  111.  Amphicoma  sp.  Stridulating  teeth  of  right  maxilla. 
Fig.  112.  Anomala  kansana.   Stridulating  tooth  of  left  maxilla. 
Fig.  113.   Anomala  kansana.   Stridulating  teeth  of  right  maxilla. 
Fig.  114.   Cotalpa  lanigera.   Stridulating  teeth  of  right  maxilla. 
Fig.  115.  Ligyrus  gibbosus.  Mesal  aspect  of  fused  galea  and  lacinia. 
Fig.  116.   Cotalpa  lanigera.   Mesal  aspect  of  fused  galea  and  lacinia. 
Fig.  117.   Canthon  laevis.   Mesal  aspect  of  divided  galea  and  lacinia. 
Fig.  118.  Phyllophaga  crassissima.   Stridulating  teeth  of  right  maxilla. 
Fig.  119.   Canthon  laevis.   Stridulating  teeth  of  right  maxilla. 
Fig.  120.  Euphoria  inda.  Mesal  aspect  of  fused  galea  and  lacinia. 
Fig.  121.  Phyllophaga  crassissima.  Mesal  aspect  of  fused  galea  and  lacinia. 
Fig.  122.   Anotnala  kansana.  Left  prothoracic  spiracle. 
Fig.  123.    Trox  sp.  Left  prothoracic  spiracle. 
Fig.  124.  Ligyrus  gibbosus.   Stridulating  teeth  of  right  maxilla. 
Fig.  125.  Euphoria  inda.   Stridulating  teeth  of  right  maxilla. 
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PLATE  X 
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EXPLANATION  OF  PLATE  X 
Cephalic  Aspect  of  Head;  Hypopharynx,  Stridulating  Legs 

Fig.  126.  Ochrosidia  (Cydocephala)  imniaculata.   Cephalic  aspect  of  the  head 

Fig.  127.  Pinotus  (Copris)  Carolina.   Cephalic  aspect  of  the  head. 

Fig.  128.  Cotalpa  lanigera.  Hypopharynx. 

Fig.  129.  Euphoria  inda.   Hypopharynx. 

Fig.  130.  Canthon  laevis.  Hypopharynx. 

Fig.  131.  Phyllophaga  crassissima.  Hypopharynx. 

Fig.  132.  Ligyrus  gibbosus.   Hypopharynx. 

Fig.  133.  Anomala  kansana.    Hypopharynx  and  mandibles  showing  their  relation   to   each 
other. 

Fig.  134.  Anomala  kansana.  Hypopharynx  with  pharynx  attached. 

Fig.  135.  Ceruchus  piceus.  Metathoracic  leg  showing  stridulating  surface  on  the  trochanter. 

Fig.  136.  Ceruchus  piceus.   Mesothoracic  leg  showing  stridulating  surface  on  the  coxa. 

Fig.  137.  Passalus  cornutus.   Meso-  and  metathoracic  legs  showing  the  stridulating  modifi- 
cation. 
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EXPLANATION  OF  PLATE  XI 

Radula  of  Last  Ventral  Abdominal  SEGiCENi 


Fig.  138.  Aphodius  sp. 

Fig.  139.  Amphicoma  sp. 

Fig.  140.  Serica  sp. 

Fig.  141.  Polyphylla  variolosa. 

Fig.  142.  Macrodactylus  subspinosus. 

Fig.  143.  Anomala  kansana. 

Fig.  144.  Pelidnota  punctata. 

Fig.  145.  Ligyrus  gibbosus. 

Fig.  146.  Strategus  anteaus. 

Fig.  147.  Dynastes  tilyrus. 

Fig.  148.  Euphoria  inda. 

Fig.  149.  Euphoria  sepulchralis. 

Fig.  150.  Cotinis  nitida. 

Fig.  151.  Trox  sp. 

Fig.  152.  Passalus  cornutus. 

Fig.  153.  Sinodendron  rugosmn. 

Fig.  154.  Dorcus  sp.  (Dorsal). 

Fig.  155.  Dorcus  sp.  (Ventral). 
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EXPLANATION  OF  PLATE  XII 
Radula  of  Last  Ventral  Abdominal  Segment  in  Phyllophaga 


Fig.  156.  Phyllophaga  lanceolata. 

Fig.  157.  Phyllophaga  crihrosa. 

Fig.  158.  Phyllophaga  farda. 

Fig.  159.  Phyllophaga  torta. 

Fig.  160.  Phyllophaga  latifrons. 

Fig.  161.  Phyllophaga  ephilida. 

Fig.  162.  Phyllophaga  longitarsa. 

Fig.  163.  Phyllophaga  gracilis. 

Fig.  164.  Phyllophaga  futilis. 

Fig.  165.  Phyllophaga  primina. 

Fig.  166.  Phyllophaga  congrua. 

Fig.  167.  Phyllophaga  calceata. 
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158  T?FARCTA. 
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161        PEPHILIDA 
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PLATE  XIII 
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EXPLANATION  OF  PLATE  XIH 

Radula  of  Last  Ventral  Abdominal  Segment  in  Phyllophaga 


Fig.  168.   Phyllophaga  crassissima. 
Fig.  169.   Phyllophaga  hipartita. 
Fig.  170.   Phyllophaga  micans. 
Fig.  171.  Phyllophaga  vehemens. 
Fig.  172.   Phyllophaga  fusca. 
Fig.  173.   Phyllophaga  horni. 
Fig.  174.  Phyllophaga  fervida. 
Fig.  175.  Phyllophaga  drakei. 
Fig.  176.   Phyllophaga  marginalis. 
Fig.  177.   Phyllophaga fraterna. 
Fig.  178.  Phyllophaga  corrosa. 
Fig.  179.   Phyllophaga  profunda. 
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EXPLANATION  OF  PLATE  XIV 

Radula  of  Last  Ventral  Abdominai,  Segment  in  Phyllophaga,  Ochrosidia,  and  Pinotits 

Fig.  180.  Phyllophaga  iniplicita. 

Fig.  181.  Phyllophaga  halia. 

Fig.  182.  Phyllophaga  hirticida. 

Fig.  183.  Phyllophaga  delaia. 

Fig.  184.  Phyllophaga  ilicis. 

Fig.  185.  Phyllophaga  crenulata. 

Fig.  186.  Phyllophaga  vettila. 

Fig.  187.  Phyllophaga  affabilis. 

Fig.  188.  Phyllophaga  irislis. 

Fig.  189.  Phyllophaga  inversa. 

Fig.  190.  Ochrosidia  immaculata. 

Fig.  191.  Pinotus  Carolina. 
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PLATE  XV 
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EXPLANATION  OF  PLATE  XV 

Life  Stages  and  Instars  of  a  Typical  Scarabaeid,  Anomala  kansana 
(For  third  instar  of  this  species  see  figure  8,  Plate  II) 

Fig.  192.  Egg  stage. 

Fig.  193.  First  larval  instar. 

Fig.  194.  Second  larval  instar. 

Fig.  195.  Pupal  stage. 

Fig.  196.  Adult  stage. 


ABBREVIATIONS 

al  anal  slit 
ant  antenna 

ce  compound  eye 
dp  cl3T)eus 

es  epicranial  suture 

/  front 
fw  fore  wing 

gt  developing  genitaUa 
hw  hind  wing 
I  labrum  of  larva 

la  labium 

lb  labrum  of  pupa 


EMPLOYED 

fftd  mandible 
ml  mesothoracic  leg 
nip  maxillar  palpus 
mtl  metathoracic  leg 
mx  maxilla 
pc  preclypeus 
pi  prothoracic  leg 
psc  postclypeus 
pt  prothorax 
st  thoracic  sterna 
ts  tarsal  segments 
/-///  thorax 
1-10  abdominal  segments 
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Abundance,  58 
Aesalinae,  32 
Allorhina,  10 
Ammoecius,  44 
Amphicoma,  41 

epipharynx,  25 
Anal  orifice,  43 
Anomala,  44,  45,  63 

abdominal  segments,  41 
Anomala  aenea,  12,  48 

clypeus  and  labrum,  21 

epipharj'nx,  22 

mandibles,  35 
Anomala  hinotata,  13,  57 

clypeus  and  labrum,  21 

epipharynx,  28 

life-cycle,  66 

mandibles,  35 
Anomala  inniiba,  9,  13,  63 

epipharynx,  28 

life-cycle,  67 
Anomala  kansana,  16,  45,  58 

clypeus  and  labrum,  21 

epipharynx,  28 

life-cycle,  67 
Anomala  ludoviciana,  63 
Anomala  orientalis,  9 

epipharynx,  28 
Anomala  phyllopertha,  28 
Anomalini 

epipharynx,  28 

life-cycle,  66 
Antennae,  18 
Aphodinae,  8 

epipharynx,  24 

oviposition,  48 
Aphodini,  24 
Aphodius,  20,  44 

abdominal  segments,  41 

epipharynx,  24 

food,  58 

maxillae,  38 
Aphodius  fimetar his,  20,  24 
Aphodius  porcus,  71 
Aphodius  rufipes,  20 
Aphodius  troglodytes,  71 
Asiatic  beetle,  9 
Ataenius  inops,  58 
Ateuchus,  44 

Bumble  flower  beetle,  9,  10 


Canthon,  17,  IS,  22,  25 
Canthon  ehcnus 

clypeus  and  labrum,  20 

mandibles,  34 

maxillae,  38 
Canthon  hT'vis,  17,  18 

clypeus,  20 

epipharynx,  23, 25 

hypopharj-nx,  39 

labrum,  20 

mandibles,  33,  34 

maxillae,  37,  38 

oviposition,  47 
Carrot  beetle,  9 
Ceruckus  piccus,  36 
Cetonia,  44 
Cetoniinae,  8,  70 

epipharynx,  30 

key  to  genera,  77 

life-cycle,  70 

maxillae,  38 

oviposition,  47 

spines,  41 
Chaetopisthes,  71 
Clypeus,  20 
Coprinae,  8 

epipharynx,  23 

mandibles,  35 

maxillae,  37 

stridulation,  45 
Coprini,  24 
Copris,  17,  71 
Copris  Carolina,  20 
Copris  lunaris,  20 
Copris  tiillius  (anaglypticus),  24 
Corythoderus,  71 
Coltapa,  29,  51 
Cotalpa  lanigera,  9,  13,  17,  45,  58 

clypeus  and  labrum,  21 

epipharynx,  29 

hj-popharynx,  39 

life-cycle,  67 

mandibles,  35 

maxillae,  38 

molting,  51 

oviposition,  47 
Cotinis  nitida,  10,  58 

epipharynx, 30 

life-cycle,  70,  71 
Cremastochelius,  31 
Cremastochelius  nitcns,  70 
Cyclocephala,  11,  61,  67,  69 
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Cyclocephala  immaculata,  69 
Cyclocephala  villosa,  67 
Cyclocephalini,  29 

Development,  50 
Dichelonyx,  66 
Diplotaxis,  48,  66 
clypeus  and  labrum,  20 
epipharynx,  26 
mandible,  35 
Dor  beetles,  8 
Dorcinae,  32 
Dorcus,  43,  44 
epipharynx,  32 
mandibles,  36 
Dung  beetles,  8 
Dynastes,  48,  67 
Dynastes  tityrus,  30 
Dynastinae,  8 
epipharynx,  29 
key  to  genera,  76 
life-cycle,  67 
maxillae,  38 
oviposition,  47 
Dyscinetus  barbatus,  68 
Dyscinetus  trachypygtis,  68 

Economic  importance,  8 
Eggs,  47 
Epipharynx,  22 
Euchlora  frischii,  21 
Eueihola  rugiceps,  68 
Euparia,  71 

Euphoria,  14,  18,  41,  64 
Euphoria  fulgida,  10,  13 

life-cycle,  70 
Euphoria  inda,  9,  17,  45 

clj-peus  and  labrum,  21 

food,  58 

hypopharynx,  39 

life-cycle,  70 

mandibles,  36 

maxillae,  38 
Etiphoria  scpulchralis,  10,  13 

clypeus  and  labrum,  21 

food,  58 

life-cycle,  70 

Fig-eater,  10 
Food  habits,  54 
Friedenreichi,  71 


Geotrupes,  71 

epipharynx, 22 

striculation,  45 
Geotrupes  slercorarius,  25 
Geotrupinae,  8 

epipharynx,  25 
Glaphyrinae,  25 
Goldsmith  beetle,  9 
Gopher  us  Polyphemus,  71 
Green  June  beetle,  10 
Gymnetini,  30 
Gymnopleuri,  71 

Habitat  preferences,  55 
Hatching,  48 
Beliocopris  dominus,  47 
Hibernation,  61 
Historical  review,  10 
H3q3opharynx,  39 

Japanese  beetle,  9,  42 
June-bugs,  8 

Keys,  73-81 

Labium,  40 
Labrum,  20 

Lachnosterna,  11,  44,  69 
Lamellicornia,  8 
Laparosticti,  8 

life-cycle,  71 
Legs,  42 
Ligyrodcs  rcliclus,  9 

clypeus  and  labrum,  21 

epipharynx,  30 

food,  58 

life-cycle,  68 

mandibles,  35 

method  of  rearing,  14 

oviposition,  47 
Ligyrus,  21,  68 
Ligyrus  gibbosus,  9,  17,  45,  57,  61 

clypeus  and  labrum,  21 

epipharynx,  30 

hypopharynx,  39 

life-cycle,  67,  68 

mandibles,  35 

maxillae,  38 

oviposition,  48 
Ligyrus  tumulosus,  68 
Listochelus,  44 
Literature,  11,  12 
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Lucanidae,  8 

abdominal  segments,  41 

antennal  segments,  19 

economic  importance,  8 

epipharynx,  32 

hypopharynx,  40 

importance  of  family,  8 

key  to  genera,  77 

maxillae,  37 

number  of  species,  8 

oviposition,  47 

setation,  41 

sexual  differences,  8 

stridulation,  45 
Lucanus,  10 

mandibles,  36 

Macrodactylini,  epipharynx,  28 
Macrodactylus,  44 
Macrodactyltis  subspinosus 

epipharynx,  28 

life-cycle,  66 
Materials,  13 
May  beetles,  8 
Maxillae,  37 
Melolontha,  44 
Melolontlia  melolontha,  8 

life-cycle,  64 
Mclolonlha  vulgaris,  21 
Melolonthinae,  8 

epipharynx,  26 

key  to  genera,  75 

life-cycle,  64 

mandibles,  35 

maxillae,  38 

oviposition,  47 

spiracles,  43 

stridulation,  45 
Methods,  13 
Molting,  50 

Ochrosidia,  11,  61,  68,  69 
Ochrosidia  immaculata,  57,  61,  63 

clypeus  and  labrum,  21 

epipharynx,  27,  30 

life-cycle,  67,  68,  69 

mandibles,  36 
Onthophagus,  17,  22,  24,  71 
Onlhopkagus  pennsylvanicus,  20 

mandibles,  34 

maxillae,  38 


Oryctes,  4.4: 
Orycles  nasicornis,  70 
Oryctes  rhinoceros,  46 
Osmoderma,  10,  44 

epipharynx,  30 
Osmoderma  eremicola,  70,  71 
Oviposition,  47 

Parastasia,  44 

Passalidae,  8 

antennae,  19 

economic  importance,  8 

epipharynx,  33 

hypopharynx,  39 

legs,  40 

maxillae,  37 

oviposition,  47 

setation,  41 

stridulation,  45 

thoracic  annulets,  40 
Passalus,  16,  18,  41,  42,  43,  44 
Passalus  cornutus,  16 

antennal  segments,  19 

clypeus  and  labrum,  22 

epipharynx,  33 

foods 

mandibles,  36 

stridulation,  46 
Pclidnota  punctata,  9,  13,  44,  58,  64 

epipharynx,  29 

life-cycle,  67 

method  of  rearing,  14 

oviposition,  47 
Phyllopertha,  44 
Phyllopcrtha  horticola,  12,  48 

epipharynx,  22 
Phyllophaga,  9,  11,  13,  15,  21,  23,  28,  33,  44, 
45,  47,  51,  56,  58,  59,  60,  61,  63 

abundance,  59 

food,  56 

hibernation,  61 

key  to  species,  78 

life-cycle,  66 

molting,  51 

oviposition,  47 

pupation,  63 

stridulation,  46 
Phyllophaga  afahilis,  51 

life-cycle,  65,  66 
Phyllophaga  anxia,  66 
Phyllophaga  arcuata,  12 

life-cycle,  65 
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Phyllophaga  hiparlita,  51 

life-cycle,  65 
Phyllophaga  hurmcisteri,  65 
Phyllophaga  congrua,  60 

life-cycle,  65 
Phyllophaga  corrosa,  52 
Phyllophaga  crassissima,  13,  17,  45,  56,  59,  60 

clj^peus  and  labrum,  21 

hypopharynx,  39 

life-cycle,  65 

mandibles,  34,  35 

maxillae,  38 
Phyllophaga  crcnulata,  65 
Phyllophaga  cribrosa,  27 
Phyllophaga  drakii,  66 
Phyllophaga  ephilids,  65 
Phyllophaga  fcrvida,  12 

life-cycle,  64 
Phyllophaga  fraterna,  65 
Phyllophaga  fiisca,  64,  65 
Phyllophaga  futil  is,  13 

epipharynx,  23,  26 

life-cycle,  65 
Phyllophaga  grandis,  65 
Phyllophaga  hirticula,  65 
Phyllophaga  ilicis,  65 
Phyllophaga  implicata,  13,  56 

life-cycle,  65 
Phyllophaga  inversa,  65 
Phyllophaga  lanceolata,  9,  56,  60,  62 

cljpeus  and  labrum,  20 

epipharynx,  27 

life-cycle,  12,  65 

mandibles,  35 
Phyllophaga  longitarsa,  57 

life-cycle,  65,  66 
Phyllophaga  nitida,  66 
Phyllophaga  praetermissa,  52,  57 
Phyllophaga  rubiginosa,  13,  56,  59,  60 
Phyllophaga  rugosa,  13,  56,  59,  60 

life-cycle,  65,  66 
Phyllophaga  submucida,  13,  57,  60 

life-cycle,  65 
Phyllophaga  trislis,  57 

epipharynx,  28 

life-cycle,  12,  64,  65 
Phyllophaga  vandinei,  65 
Phyllophaga  vehemens,  13,  51,  60 

life-cycle,  64,  65 
Phytalis,  44 
Phytalis  smilhi,  64 
Pinotus,  17,  40,  43 


Pinolus  Carolina 

labrum,  20 

oviposition,  47 

thoracic  annulets,  40 
Pleocoma,  19 
Pleurosticti,  8 
Polyphylla,  44,  66 

epipharj'nx,  28 
Polyphylla  hammondi,  58 
Polytnoechus  brevipes,  58 

clypeus  and  labrum,  21 

epipharynx,  29 

mandibles,  35 
Popillia  japonica,  9,  11,  43 

epipharynx,  22,  28 

life-cycle,  66 
Psammobius,  71 
Pupation,  63 

Radula,  41 

Rhizotrogus,  44 
Rhizotrogus  fallenii,  21 
Rhyssemus,  71 
Rutelinae,  8 

epipharynx,  28 

key  to  genera,  75 

life-cycle,  66 

mandibles,  35 

maxillae,  38 

oviposition,  47 
Rutelini 

epipharynx,  29 

life-cycle,  66 

Sacred  beetle,  10 
Scarabaeidae,  8 
abdominal  segments,  41 

abundance,  60 

antennal  segments,  19 

economic  importance,  8 

egg  stage,  48 

food,  54,  57 

hypopharynx,  39 

key  to  subfamilies,  74 

maxillae,  37 

striculation,  45 
Scarabaeoidea,  8 

key  to  families,  73 
Scarabaeus,  10,  71 
Scarabaeus  sacre,  10 
Segmentation,  40 
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Serica,  44,  48,  66 

epipharynx,  26 
Serica  hrunnea,  21 
Setation,  41 
Sinodendron,  18,  43,  44 

epipharynx,  32 

mandibles,  36 
Sinodendron  rugosum 

clypeus,  22 

epipharynx,  32 

mandibles,  36 
Spiracles,  43 

Spotted  grapeleaf  beetle,  9 
Stag-beetles,  8 
Slephanucha  pilipennis 

clypeus  and  labrum,  21 

epipharynx,  31 
Strategus,  18,  48,  67 
Strategus  antaeiis,  70 

epipharynx,  30 

nest-building  habits,  70 
Strategus  mormon,  47 
Strategus  quadrifoviatus,  13 

life-cycle,  68,  69 
Strategus  titanus,  68 
Stridulation,  44 
Strigodernia  arboricola,  13 

epipharynx,  28 

life-cycle,  67 


Taxonomy,  72 
Termitodius,  71 
Trichiotinus,  10,  18 
Trichiotinus  piger,  58,  70 

epipharynx,  31 
Trichius,  10 

Triodontd  (Serica)  aqiiila,  26 
Trogidae,  8 

antennal  segments,  19 

economic  importance,  8 

epipharynx,  31 

hypopharynx,  39 

maxillae,  37 

oviposition,  47 

striculation,  44 
Trox,  8,  18 

clypeus  and  labrum,  21 

epipharynx,  31 

food, 8 

importance,  8 

mandibles,  36 

peritreme,  43 

propleuron,  40 

Xyloryctes,  17 
Xylotrypes,  44 
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INTRODUCTION 

The  North  American  sawflies  of  the  subfamily  Dolerinae  have  never 
attracted  the  attention  of  students  interested  in  the  structure  of  the  geni- 
talia, and  consequently  have  never  been  studied  in  so  thorough  a  manner 
as  the  Eurasian  species.  Two  or  three  workers  have  made  notable  contri- 
butions to  our  knowledge  of  the  group,  but  their  treatises  are  incomplete 
and  do  not  cover  the  additional  material  which  has  since  accumulated  in 
the  subfamily.  The  pioneer  work  was  done  by  Norton,  who,  in  1867,  first 
revised  the  Nearctic  species  known  to  him.  MacGillivray,  in  1916,  keyed 
the  eastern  species,  but  some  of  the  characters  which  he  chose  as  criteria, 
in  particular  the  punctuation  and  sculpture  of  the  head,  the  punctuation  of 
the  mesonotum,  and  the  stria tion  of  the  post-tergite  ("scutellar  appendage" 
of  MacGillivray),  are  too  variable  to  be  relied  upon  when  applied  to  a  large 
series  of  specimens.  His  key,  also,  does  not  include  the  western  species, 
and  it  contains  one  or  two  evident  mistakes,  so  that  it  is  not  a  faithful 
guide  to  the  Nearctic  Dolerinae. 

The  Eurasian  species,  on  the  other  hand,  have  received  a  great  deal  of 
attention.  Several  European  workers  have  made  careful  studies  of  the  fe- 
male genitalia  of  the  group,  so  that  the  status  of  the  Palearctic  forms  is 
quite  clear.  It  is  interesting  to  note  in  this  connection  that  Hartig,  as 
early  as  1837,  figured  parts  of  the  saws  of  two  or  three  species  with  such 
accuracy  as  to  show  us  today  definitely  with  which  species  he  was  dealing. 
Cameron,  in  1882,  used  the  dentation  of  the  ventral  edge  of  the  saw  of  the 
female  to  aid  in  separating  the  British  species.  In  1913,  Enslin  illustrated 
his  key  to  the  Palearctic  Dolerinae  with  line  drawings  of  the  lower  por- 
tion of  the  saw,  the  lancet.  A  year  later  Morice  published  a  comprehen- 
sive series  of  photomicrographs  of  the  entire  saws  of  thirty-six  Palearctic 
species.  More  recently  (1926)  Zelochovtsev  gave  a  series  of  line  drawings 
illustrating  the  different  types  of  saws,  and  drew  from  them  his  idea  of 
the  relationships  within  the  group. 

In  this  paper  the  attempt  is  made  to  apply  to  the  Nearctic  species  of 
the  Dolerinae  the  same  critical  examination  of  the  genitalia  which  has  been 
accorded  the  Palearctic  forms.  The  masking  of  several  species  under  the 
same  color  and  the  assumption  of  several  color  combinations  by  the  same 
species  have  given  rise  to  many  homonyms  and  synonyms.  On  account  of 
the  complexity  which  has  thus  arisen,  it  has  seemed  advisable  to  select 
neotypes  for  the  species  of  which  the  types  can  not  be  found.  This  has  been 
a  difficult  problem  in  many  cases,  but  with  regard  to  each  one  the  course 
has  been  followed  which  will  permit  of  retaining  the  largest  number  of 


8  ILLINOIS  BIOLOGICAL  MONOGRAPHS  [212 

names  already  in  the  literature.  In  some  cases  the  saws  of  the  females  are 
characteristic  of  the  species,  in  others  the  sheath,  but  in  others  again 
neither  of  these  are  of  use  except  for  complexes  within  the  group,  and  in 
these  cases  an  aggregate  of  other  characters  has  been  used. 

Besides  giving  a  mere  tabulation  and  description  of  the  species,  an  ef- 
fort has  been  made  to  show  the  natural  groupings  and  relationships  within 
the  subfamily.  The  almost  complete  picture  afforded  by  the  saws  is  in 
most  cases  well  substantiated  by  the  external  morphology  and  to  quite  an 
extent  by  the  male  genitalia.  There  are,  however,  several  points  in  the 
phylogeny  open  to  question,  and  it  is  readily  conceivable  that  some  of  the 
ideas  brought  out  in  this  paper  will  be  changed  by  further  studies,  espe- 
cially of  the  immature  forms. 

In  order  to  avoid  confusion  with  the  great  color  variations  exhibited 
by  some  species,  and  to  express  the  phylogenetic  relations  of  closely  allied 
forms,  it  has  been  necessary  to  use  varietal  and  subspecific  categories.  In 
this  paper,  the  term  variety  is  used  for  forms  differing  from  the  typical  con- 
dition of  the  species  in  color  only  and  showing  little  or  no  geographic  iso- 
lation; subspecies  is  used  for  forms  differing  from  the  typical  form  either 
in  structure  or  markedly  in  color  and  geographic  distribution. 

In  pursuing  this  revision,  material  has  been  assembled  from  all  the 
major  collections  in  North  America,  and  from  as  many  of  the  smaller  ones 
as  possible.  Several  thousands  of  specimens  have  been  examined  from  a 
great  many  parts  of  the  country,  so  that  the  distribution  given  for  the 
various  species  should  have  some  significance.  The  types  of  all  but  a  few 
of  the  species  have  been  studied  and  the  genitalia  removed  from  the  ma- 
jority of  the  types  and  examined.  The  types  of  the  species  to  which  I  did 
not  have  access  have  very  kindly  been  studied  for  me  by  other  persons.  A 
few  types  are  no  longer  in  existence. 

Where  so  many  specimens  of  a  species  have  been  examined  and  such 
a  multitude  of  distribution  records  assembled  that  it  is  impractical  to  pub- 
lish them  all,  the  distributional  data  have  been  greatly  condensed,  but  not 
in  a  way  to  obscure  the  general  picture  of  the  range  of  the  species.  Where, 
however,  only  scattered  records  have  been  obtained,  they  have  been  given 
in  detail. 

Explanation  of  Terms 

The  terms  used  in  this  paper  for  the  ridges,  furrows,  and  areas  of  the 
head  distinct  to  the  sawfly  group  are  chiefly  those  defined  by  MacGilliv- 
ray  (1916).  For  convenience,  the  definitions  of  those  most  frequently  met 
are  repeated  here. 

The  vertical  furrows  (Figure  62,  f)  are  the  furrows  situated  on  the  dorsal 
aspect  of  the  head,  extending  from  near  the  lateral  ocelli  to  the  posterior 
margin  of  the  head.  They  may  be  distinct  and  trench-like,  reduced  in 
length  and  pit-like,  or  reduced  to  linear  scars. 
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The  postocellar  area  (po)  is  the  area  on  the  dorsal  aspect  of  the  head 
directly  behind  the  ocelli,  bounded  laterally  by  the  vertical  furrows.  It 
may  be  rugose,  pitted,  or  shining,  and  flat  or  mound-like. 

The  postocular  area  (pc)  is  the  area  on  the  dorsal  aspect  of  the  head 
lateral  to  the  vertical  furrows  and  posterior  to  the  eyes,  and  includes  the 
upper  portion  of  the  postgenae.  Some  authors  have  called  this  area  the 
vertex,  but  since  the  postocellar  area  is  also  part  of  the  vertex  proper  it 
does  not  seem  advisable  to  use  vertex  in  the  restricted  sense  of  the  posto- 
cular area.  In  this  paper  the  term  vertex  is  used  to  designate  the  area  com- 
prising the  entire  dorsal  portion  of  the  head  posterior  to  the  eyes  and  ocelli. 

The  ocellar  basin  (oc)  is  the  depression  in  front  of  the  anterior  ocellus. 
This  area  is  rarely  represented  in  the  Dolerinae,  but  when  present  is  usual- 
ly shining  and  longitudinally  striate. 

The  malar  space  is  the  area  between  the  base  of  the  eye  and  the  base 
of  the  mandible. 

For  the  thorax  the  current  terms  are  used.  The  mesonotum  (Figure  63) 
is  divided  into  four  lobes,  the  anterior  lobe  (al),  consisting  of  two  halves, 
two  lateral  lobes  (II),  and  a  posterior  lobe,  the  scutellum  (so).  The  posterior 
margin  of  the  scutellum  is  differentiated  into  a  crescentic  or  triangular 
area  (px)  for  which  the  term  post-tergite  is  used,  after  Smulyan  (1923). 

The  pectus  is  the  large  flat  area  of  the  mesosternum  below  the  meso- 
episternum.  In  most  species,  in  addition  to  the  regularly  scattered  punc- 
tures, the  pectus  has  a  diagonal  row  of  closely  set  punctures,  two  to  four  in 
width,  extending  from  the  postero-lateral  corner  to  the  antero-mesal  corner. 

The  genitalia  of  the  females  play  such  an  important  part  in  the  classi- 
fication of  this  group  that  all  the  parts  are  named  again  in  this  paper  to 
avoid  confusion.  The  posteriorly-exserted,  scabbard-like  structure  (Fig- 
ure 1,  sh)  is  called  the  sheath  (Morice,  1912).  MacGillivray's  term  "saw- 
guides"  was  a  misnomer,  since  the  lance  {sens  Rohwer)  is  the  actual  guide 
of  the  saw.  The  sheath  consists  of  two  similar  chitinized  plates,  which 
form  a  housing  for  the  saw.  The  saw  {In  and  //)  is  composed  of  two  similar 
blades  closely  applied  together  in  situ.  Each  blade  is  made  up  of  a  dorsal 
half,  the  lance  {In),  and  a  ventral  half,  the  lancet  {It)  (Rohwer,  1922).  The 
lance  is  unarmed,  firmly  fixed  at  its  base,  capable  of  only  a  pendular  move- 
ment, and  the  two  are  fused  along  the  dorsal  margin  at  the  base.  The 
lancet  is  attached  to  muscles  within  the  abdomen  and  is  moved  in  a  saw- 
like backward  and  forward  motion,  slotted  into  the  lance,  which  acts  as  a 
guide.  Morice  (1912)  has  shown  that  the  "saw"  is  not  used,  strictly  speak- 
ing, as  a  saw,  but  rather  as  a  probing  and  macerating  tool,  the  point  being 
used  first  to  produce  a  hole,  which  is  then  widened  by  a  probing  and  saw- 
ing motion  and  lengthened  into  a  linear,  bleeding  slit.  To  correct  the 
erroneous  use  of  the  term  "saw,"  Morice  proposed  the  name  scalpellum 
for  this  organ. 
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The  Dolerinae  exhibit  a  great  diversity  in  lancet  armature  and  it  has 
been  necessary  to  give  names  to  the  spines  and  processes  which  comprise 
it.  The  examination  of  a  series  of  saws  makes  clear  the  origin  and  develop- 
ment of  the  different  spurs  and  spines,  and  readily  demonstrates  their  ho- 
mology, so  that  one  system  of  nomenclature  applies  equally  well  to  both 
simple  and  complex  forms.  A  hypothetical  saw  to  illustrate  all  types  of 
armature  is  shown  in  Figure  2.  The  lance  is  divided  into  segments  by  an- 
nuli  (b),  which  are  usually  distinct.  The  segments  at  the  apex  are  often 
rounded  or  angled  dorsally,  giving  the  lance  a  serrate  or  scalloped  appear- 
ance. The  ventral  edge  of  the  lancet  is  divided  into  lobes  (lb)  which  are 
more  or  less  toothed.  These  correspond  closely  in  position  to  the  segments 
of  the  lance,  although  annuli  are  not  always  present  in  the  lancet.  On  the 
lateral  face  of  the  lancet  are  two  rows  of  armature:  a  dorsal  row  of  thin 
wing-like  structures,  the  alae  (a),  extending  diagonally  across  the  dorsal 
half  or  three-quarters  of  the  lancet  and  at  an  angle  to  the  surface,  and  a 
row  of  spurs,  the  spurettes  (sr),  between  the  alae  and  the  ventral  margin. 
Each  ala  is  produced  into  a  sharp  alar  spur  (ad)  on  its  ventro-proximal 
angle,  and  frequently  bears  a  row  of  spines,  the  alar  spines  (ac),  along  the 
basal  margin.  Where  the  annulus  is  present  it  often  bears  a  row  of  spines, 
the  ventral  spines  (x),  between  the  ala  and  the  spurette.  Both  the  alae  and 
the  spurettes  apparently  arise  as  outgrowths  of  the  annuli. 

The  simpler  saws  lack  armature  on  the  lateral  face  and  have  only  the 
ventral  lobes,  which  are  more  or  less  strongly  dentate,  as  in  Figures  41,  42, 
43,  etc.  The  first  lateral  armature  to  appear  is  the  series  of  spurettes, 
which  originate  as  very  small  outgrowths  of  the  annuli  near  the  ventral 
margin  (Figure  50).  The  alar  spurs,  which  are  the  fore-runners  of  the  alae 
themselves,  next  appear,  arising  near  the  middle  of  the  annuli  (Figure  49). 
In  Figures  52,  53,  and  54  the  enlargement  of  the  alar  spur  and  the  develop- 
ment of  the  ala  may  be  easily  followed.  The  annulus  is  frequently  broken 
between  the  alae  and  the  spurette  in  the  higher  forms,  but  some  species 
retain  it  intact  (Figure  3).  The  spurette  is  always  most  distinct  at  the  dis- 
tal end  of  the  saw,  but  towards  the  base  it  tends  to  coalesce  with  the  ven- 
tral margin  and  becomes  obscured  as  a  tooth  of  the  ventral  lobes.  The 
alar  and  ventral  spines  become  conspicuous  only  in  the  similis  group  (Fig- 
ures 57  to  59)  and  in  the  subgenus  Loderus  (Figures  4  to  6).  In  these  the 
saw  is  of  a  highly  developed  nature. 

For  the  convenience  of  students  of  other  countries  who  may  wish  to 
use  these  names,  Latin  equivalents  are  given  for  the  new  terms  proposed 
for  the  parts  of  the  saw,  as  follows:  a.nnu\i  =  annuli;  ala.  =  ala;  \ohe  =  lobus; 
spurette  =  spiculella;  alar  spur  =  alas picula;  alar  spines  =  alas pinulae ;  ven- 
tral spmes  =  ventrospinulae. 

In  addition  to  this  armature,  the  lancet  possesses  two  other  structures, 
a  linear  chitinized  strip  (Figure  2,  r)  running  the  length  of  the  dorsal  mar- 
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gin  of  the  lancet  and  ending  in  its  extreme  tip,  and  a  series  of  duct-like 
"fingers"  (Figure  44)  leading  into  the  lobes.  The  function  of  the  "rod"  (r) 
is  undoubtedly  to  assist  in  forming  a  runner  with  the  lance,  and  to 
strengthen  the  lancet.  The  function  of  the  duct-like  structures  is  problem- 
atic, but  they  may  very  likely  be  ducts  through  which  secretions  are 
applied  to  the  wound  made  in  the  tissues  of  the  host  plant  at  the  time  of 
the  sawing  of  the  egg  cavity  or  the  laying  of  the  egg. 

The  only  parts  of  the  male  genitalia  which  are  mentioned  in  this  paper 
are  the  sclerites  of  the  ventral  aspect  (Figure  64)  for  which  the  names  es- 
tablished by  Crampton  (1919)  are  used.  The  parapenis,  or  praeputium 
(pp),  is  composed  of  the  two  large  sclerites  which  form  the  central  plate 
of  the  capsule;  the  gonocardo  (g)  is  the  crescentic  sclerite  below  the  praepu- 
tium; and  the  gonosHpes  (st)  are  the  lateral  sclerites  adjacent  to  the  prae- 
putium and  bearing  the  claspers,  or  harpes  (h),  on  their  apical  margin. 
Within  the  cylinder  formed  by  the  gonocardo  and  gonostipes  is  situated 
the  penis,  composed  of  two  paired  rod-like  structures.  The  upper  portions, 
between  the  harpes,  are  the  penis  valves  (v),  and  the  lower  portions,  pro- 
jecting beneath  the  gonostipes,  are  the  penis  rods  (p). 

The  same  sclerites  are  represented  throughout  the  entire  subfamily, 
varying  only  in  their  proportions.  As  a  rule  the  type  of  genital  capsule  is 
constant  for  the  groups  herein  treated,  but  there  are  one  or  two  exceptions. 
They  lack  specific  characters,  however,  so  that  they  are  of  little  value  in 
identification. 
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BIOLOGY 

But  little  is  known  of  the  life  habits  and  immature  stages  of  the  North 
American  Dolerinae,  because  most  of  the  species  frequent  situations  seldom 
studied  by  the  entomologist,  some  are  apparently  rare,  and  none  are  of 
more  than  trivial  economic  importance. 

The  first  records  of  the  habits  of  these  insects  were  the  result  of  com- 
plaints from  various  sources  that  adults  of  Dolerus  unicolor  chewed  the 
buds  of  pear  trees,  causing  them  to  drop.  Forbes  (1885)  investigated  the 
matter  and  found  that  they  "were  neither  biting  nor  piercing  the  buds  or 
flowers,  but  that  they  were  merely  licking  off  the  semi-fluid  exudation  from 
the  surface  of  the  bud  scale."  He  added:  "Dissecting  the  specimens  and 
examining  the  contents  of  their  stomachs  with  the  microscope,  I  found 
only  a  clear  fluid,  without  a  trace  of  solid  matter,  except  occasional  spheres 

of  clusters  of  threads  of  fungus  parasites Watching  the  flies  with  a 

glass,  I  could  see  that  their  biting  jaws  remained  all  the  time  closed,  but 
that  their  flap-like  maxillae  were  continually  employed  in  mopping  up  the 
moisture  from  the  viscid  surface."  He  observed  two  species  of  Dolerus, 
which  his  descriptions  indicate  were  D.  unicolor  and  D.  neoagcistus.  The 
first  rearing  work  to  be  done  was  that  of  Riley  and  Marlatt  (1891),  who 
drew  attention  to  the  fact  that  the  species  of  Dolerus  are  among  the  earli- 
est sawflies  to  appear  in  the  spring  and  are  very  commonly  taken  on  grass, 
particularly  in  moist  and  swampy  localities.  They  described  several  types 
of  larvae  feeding  on  grasses  and  bred  adults  of  two  species,  D.  unicolor  and 
a  specimen  determined  as  D.  collaris,  neither  being  definitely  associated 
with  any  one  of  their  described  types  of  larvae,  but  certainly  from  larvae 
feeding  on  timothy  grass  {Phleum  pratense  L.).  The  record  for  D.  collaris, 
however,  can  not  be  accepted  without  verification,  since  there  are  several 
species  of  the  same  color  which  have  all  been  identified  as  collaris  by  the 
older  workers.  The  need  for  work  on  the  immature  stages  was  expressed 
by  MacGillivray  (1913)  in  the  following  summary:  "None  of  the  larvae  of 
the  Dolerinae  have  been  absolutely  identified  for  the  North  American  forms. 
What  are  believed  to  be  larvae  of  this  subfamily  are  grass  and  sedge  feeders. 
They  usually  occur  singly  or  several  individuals  on  the  same  stem,  clasping 
it  with  their  thoracic  and  abdominal  legs."  Yuasa  (1922),  in  studying  the 
group,  reared  D.  similis  from  larvae  on  the  common  horsetail,  Equisetum 
arvense,  and  definitely  established  the  identity  of  that  species.  In  addition, 
he  described  seven  other  unidentified  larvae  which  fed  on  grasses,  sedges, 
or  horsetail.  Yuasa's  work  is  the  most  recent  in  the  field. 

The  European  workers  are  almost  equally  in  the  same  plight  in  regard 
to  the  Palearctic  species  of  Dolerus.  Of  these  species,  which  total  about 
forty,  only  six  have  their  larvae  definitely  known,  with  an  additional  three  or 
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four  very  doubtfully  established  (Enslin,  1913).  Of  these,  D.  madidus  and 
haematodes  feed  upon  Juncus,  D.  nigratus,  gonager,  and  pratensis  feed  on 
grass,  and  D.  palustris  on  Equisetum.  Konow  (1901)  lists,  in  addition,  D. 
coruscans  and  D.  gibbosus  as  doubtfully  feeding  on  grasses,  and  keys  this 
group  of  eight  species  by  means  of  color  pattern. 

During  the  course  of  an  intensive  collecting  campaign  in  the  spring  of 
1929,  several  habitats  were  discovered  which  appeared  to  be  ideal  for  the 
development  of  several  species  of  Dolerus.  The  three  most  interesting 
places  were  situated  at  Seymour,  Savoy,  and  Ogden,  all  within  fifteen  miles 
of  Urbana,  Illinois,  where  this  work  was  undertaken.  Of  these,  the  Sey- 
mour area  was  most  frequently  visited,  about  fifteen  collecting  trips  being 
made  there  between  April  14  and  June  14,  1929.  From  50  to  500  specimens 
of  Dolerus  were  collected  on  each  trip.  The  data,  although  far  from  final 
or  conclusive,  being  the  result  of  only  one  year's  observations,  nevertheless 
bring  out  somewhat  forcefully  two  conclusions:  first,  that  the  different 
species  of  the  genus  appear  in  a  definite  seasonal  succession;  and,  second, 
that  certain  species  are  very  definitely  associated  with  certain  ecological 
conditions  and  are  useful  as  indicators  of  certain  habitats.  These  results 
would  be  rendered  more  indicative  if  the  immature  stages  were  associated 
for  certain  with  the  adults,  but  for  the  present  the  probable  identification 
of  the  larvae,  based  upon  circumstantial  evidence,  is  of  great  assistance. 
It  is  the  author's  intention  to  continue  these  observations  over  a  number  of 
years,  and  to  make  every  attempt  to  rear  the  larvae  of  all  the  species  on 
these  areas;  but,  meanwhile,  since  our  knowledge  of  the  biology  of  the  genus 
Dolerus  is  so  scant,  it  seems  worth  while  to  present  now  this  introduction 
to  a  study  of  the  subject. 

Life  History 

All  the  species  of  Dolerus  which  have  been  observed  in  Illinois  appear  to 
have  the  same  life-cycle,  the  type  common  to  many  groups  of  sawflies.  In 
spring  the  insect  emerges  as  an  adult  from  the  hibernation  quarters  in  the 
ground.  The  males  appear  in  large  numbers  before  more  than  a  few  fe- 
males have  appeared,  the  latter  becoming  proportionately  more  numerous 
as  the  season  advances,  until  towards  the  latter  part  of  the  regime  of  the 
species  the  females  far  outnumber  the  males.  Little  mating  is  apparent 
except  on  warm  sunny  days,  when  both  sexes  fly  about  very  actively  and 
are  often  seen  in  copulation.  The  eggs  are  laid  in  the  tissues  of  the  host 
plant,  deposited  in  a  cavity  specially  formed  by  the  "saw,"  or  scalpellum, 
of  the  female  This  process  was  described  in  great  detail  by  Morice  in  1914. 
The  young  larvae,  soon  after  hatching  from  the  egg,  become  external 
feeders  upon  their  host.  Those  feeding  upon  sedges  or  grasses  clasp  the 
lateral  edges  of  the  blade  and  eat  portions  out  of  the  sides  The  young 
larvae  of  those  feeding  upon  Equisetum  also  eat  out  lateral  portions  of  the 
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terete  siliceous  needles,  but  the  larger  larvae  climb  to  the  top  of  a  needle 
and  chew  it  completely  down  in  one  gradual  operation  In  about  a  month 
the  larvae  become  full-grown  and  enter  the  ground,  where  they  pass  the 
late  summer,  fall,  and  winter  In  Illinois  three  species  feeding  on  Equise- 
tum,  namely,  D.  similis,  D.  aprilis,  and  D.  apricus,  dig  among  the  roots  of 
thick  clumps  of  horsetail  in  fairly  dry,  well-drained  soil  to  a  depth  of  three 
or  four  inches,  where  they  form  an  earthen  cell.  No  cocoon  is  spun,  either 
for  a  hibernaculum  or  for  a  pupal  case.  An  Equisetum-feeding  species  oc- 
curring in  British  Columbia  performed  the  same  operations  in  preparation 
for  hibernation.  In  early  sping  the  larvae  transform  to  pupae,  and  shortly 
thereafter  into  adults,  which  dig  out  of  the  ground  and  assume  the  activ- 
ities of  reproduction. 

The  Illinois  species  have  only  one  generation  each  year,  as  is  well  shown 
by  the  fact  that  subsequent  collecting  in  their  favorite  habitats  never  re- 
veals more  than  a  rare,  stray  specimen  after  the  first  wave  of  abundance  of 
the  species.  The  data  borne  by  pinned  specimens  of  the  other  species  of 
the  genus  point  to  the  same  conclusion,  so  that  the  entire  genus  may  be 
said  to  be  characterized  by  a  one-year  cycle. 

The  larvae  are  entirely  phytophagous,  their  hosts  being  chiefly  various 
species  of  grasses,  Carex,  Equisetum,  and  Eleocharis,  and  possibly  other 
species  of  the  sedge  and  rush  families.  The  food  of  the  adults  seems  to 
consist  entirely  of  sweet  secretions  of  plants,  such  as  nectar  of  flowers  and 
flowing  sap  of  trees.  Adults  of  D.  unicolor  and  D.  neoagcistus  are  taken  in 
great  numbers  feeding  on  the  nectar  of  flowers  of  Crataegus,  Prunus,  etc., 
or  on  the  sap  of  the  sugar  maples.  D.  similis  and  D.  aprilis  are  frequently 
taken  on  the  flowers  of  willows  which  occur  near  their  breeding  places. 
It  is  not  likely  that  they  partake  of  much  solid  food,  for  the  proventricu- 
lus,  or  gizzard,  has  not  a  strong  grinding  apparatus. 

Habitat  Relations 

A  detailed  study  of  the  habitat  relations  of  the  commoner  species  of 
Dolerus  was  made  possible  through  the  unique  position  of  the  habitats 
most  frequented  by  these  species.  Running  east,  north,  south,  and  west 
from  Urbana  are  railway  lines,  paralleled  by  concrete  highways,  with  a  mul- 
titude of  habitats,  ranging  from  the  wettest  swamps  to  the  driest  of  prairie 
situations,  along  the  railway  embankments.  In  certain  of  these  areas  the 
sawflies  were  found  to  be  very  abundant,  and  it  was  quite  easy  to  go  by 
automobile  on  the  highways  along  these  railroad  lines  and  collect  at  a  great 
many  places  of  diverse  ecological  conditions  and  to  determine  exactly  which 
were  preferred  by  each  species.  It  is  remarkable  that  while  sawflies  of 
this  genus  abounded  at  many  points  along  these  lines  of  habitats,  practi- 
cally none  were  present  on  the  vast  extent  of  farm  lands  stretching  on 
either  side.    Unless  the  railroad  sites  were  chosen  for  a  collecting  venture, 


16  ILLINOIS  BIOLOGICAL  MONOGRAPHS  [220 

a  worker  might  conclude  that  these  sawflies  were  of  rare  occurrence  in  this 
part  of  the  state — a  conclusion  erroneous  in  the  extreme,  yet  doubtless  ex- 
plaining why  so  many  collections  lack  an  abundance  of  some  of  the  more 
habitat-selective  species  found  during  our  excursions  of  1929. 

The  habitat  relations  of  the  species  which  have  been  observed  in  detail 
appear  to  be  constant  and  precise.  Not  only  was  each  species  definitely 
associated  with  the  occurrence  of  its  one  host,  but  many  were  limited  to 
local  areas  possessing  very  definite  degrees  of  ecological  conditions,  indi- 
cated by  the  combination  of  plants  growing  thereon. 

Here  might  be  noted  some  of  the  habits  of  the  adults  which  rendered 
their  collection  easy.  In  early  spring  when  the  first  common  species  began 
to  appear  as  adults,  the  ground  was  barren  except  for  the  stripped  stalks 
of  the  weeds  which  had  grown  there  the  previous  year,  such  as  Solidago, 
Silphium,  etc.,  and  the  bare  stems  of  the  willows.  Upon  these  the  adult 
sawflies  preferred  to  rest;  and  upon  cold,  wet  days,  with  which  April 
abounded,  they  clung  in  great  numbers  to  these  slender  posts,  became  inac- 
tive and  almost  torpid  with  the  cold,  and  could  be  picked  off  with  the  fingers 
very  quickly  and  efficiently.  They  clung  so  tightly  that  the  picking  pro- 
cess proved  much  faster  than  sweeping  with  the  net.  On  warm,  sunny  days 
it  was  necessary  to  sweep,  for  they  became  too  active  to  catch  with  the 
fingers.  Later  in  the  season  sweeping  Equisetum  produced  large  numbers 
of  D.  similis  and  D.  apricus. 

The  types  of  habitat  in  which  Dolerus  was  studied  are  as  follows: 

1.  Sedge  (Carex),  horsetail  {Equisetum  arvense),  and  willow  (Salix)  com- 
munities.   Low,  semi-swampy  areas. 

2.  Horsetail  and  grass  communities.  Dry,  well-drained  areas,  where  a 
firm,  long-undisturbed  sod  was  developed. 

3.  Grass  communities.  Wet  prairie  situations  with  a  preponderance  of 
the  coarser  grasses  rather  than  the  finer  grasses  of  cultivation. 

An  ideal  example  of  the  first  type  of  habitat,  sedge-horsetail- willow,  was 
found  at  Seymour  (Figure  72).  Between  a  railroad  embankment  on  one 
side  and  a  state  highway  on  the  other  was  an  area  about  twenty-five  feet 
wide,  swampy  in  the  wetter  seasons  of  the  year  and  with  a  few  inches  of 
standing  water  in  the  rainy  period  of  early  spring.  The  plant  population 
consisted  chiefly  of  a  mixture  of  a  single  species  of  Carex  that  was  fairly 
luxuriant  when  in  full  growth,  the  common  horsetail,  and  a  scattering  of 
the  stalks  of  a  small  willow,  most  of  which  were  dead.  The  species  charac- ' 
teristic  of  this  habitat  and  found  in  no  other  were  D.  illini  and  D.  agcistus, 
which  are  Carex-feeding  forms.  D.  aprilis  and  D.  similis,  which  feed  on 
Equisetum,  were  also  abundant  here  but  were  taken  plentifully  elsewhere. 

The  extreme  selectivity  of  D.  agcistus  and  D.  illini  was  demonstrated 
by  collections  made  along  the  railroad  in  many  localities  north  of  Urbana. 
Collections  were  made  every  few  miles  along  this  stretch,  but  a  represen- 
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tation  of  these  two  species  was  taken  only  from  those  areas  which  seemed 
identical  with  the  Seymour  habitat  in  all  particulars,  even  to  the  presence 
of  a  few  dead  willow  twigs.  Spots  which  supported  a  luxuriant  growth  of 
the  same  species  of  Carex  as  the  ideal  type  of  habitat,  but  which  were  drier, 
had  at  most  a  very  few  specimens  of  Dolerus. 

The  horsetail-grass  type  of  habitat  was  exemplified  by  areas  along  the 
railroad  at  Savoy  (Figure  73),  situated  four  miles  south  of  Urbana;  at 
Ogden,  fifteen  miles  east  of  Urbana;  and  also  at  Seymour.  In  these  places 
the  two  apparent  essentials  for  the  prolific  development  of  Dolerus  were 
an  old,  well-formed  sod  and  a  dry,  well-drained  soil.  At  Savoy  only  D. 
apHlis  and  D.  similis  were  present,  but  in  very  great  numbers.  On  one 
occasion  about  200  specimens  were  taken  in  100  linear  yards  of  sweeping. 
At  Ogden  and  Seymour,  in  addition  to  these  two  species,  D.  apHcus  was 
very  abundant.  In  these  latter  two  places,  also,  a  small  brown  larva  was 
found  feeding  on  Equisetum  late  in  Jul}^,  after  all  the  others  had  disap- 
peared. It  is  suspected  that  this  is  the  larva  of  D.  apricus.  Of  the  three 
species  found  in  these  Equisetum  habitats,  D.  similis  was  least  selective 
in  its  habitat  preferences,  for  it  was  found  in  almost  every  kind  of  situation 
wherever  there  was  a  growth  of  Equisetum.  D.  aprilis  was  perhaps  no  more 
selective,  but  may  have  been  missed  in  later  collections  at  some  points 
because  its  height  of  abundance  was  earlier.  D.  apricus,  on  the  other  hand, 
was  very  selective,  being  found  only  in  areas  in  which  the  horsetail,  grasses, 
and  weeds  appeared  to  be  long  established. 

The  coarse  grass  habitats  were  studied  very  little  in  this  survey,  for 
after  investigations  were  well  under  way  little  remained  in  these  situations 
but  larvae.  In  the  spring  of  1928,  however,  it  was  noticed  that  D.  unicolor 
appeared  there  very  early  in  the  spring  in  large  numbers;  and  subsequent 
sweeping  unearthed  a  large,  abundant,  cream-colored  Dolerus  larva  be- 
lieved to  belong  to  this  species.  In  captivity  these  larvae  fed  readily  on 
any  of  the  species  of  grass  found  in  this  habitat.  Collected  with  them  and 
feeding  on  the  same  grasses  were  Dolerus  larvae  which  were  white  with 
lateral  black  spots  {Dolerus  sp.  2  Yuasa,  1922).  It  is  possible  that  these 
larvae  may  be  D.  neoagcistus,  which  is  an  early  species,  and  often  taken  at 
flowers  with  D.  unicolor. 

Although  no  evidence  of  the  fact  had  been  noticed  in  1929  collecting, 
there  may  be  also  a  distinct  forest-inhabiting  group  of  Dolerus,  for  D.  nor- 
toni  has  been  taken  in  the  vicinity  of  Urbana  in  original  forested  land  only, 
especially  in  University  Woods,  which  is  a  semi-swampy  woodland  and  may 
harbor  certain  sedges  or  grasses  fed  upon  by  the  larvae  of  this  species. 

Seasonal  Occurrence 

In  this  region  the  various  species  of  Dolerus  are  among  the  very  first 
of  the  hibernating  insects  to  become  active  at  the  onset  of  spring.    The 
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first  individuals  usually  appear  during  the  last  two  weeks  of  March,  and 
by  mid-April  their  numbers  are  manifold.  By  late  June,  however,  most  of 
the  adults  have  disappeared,  and  by  late  July  the  larvae  also  have  disap- 
peared, so  that  the  active  period  of  the  group  as  a  whole  is  short.  In  re- 
gions where  they  occur  abundantly,  these  sawflies  are  undoubtedly  the 
first  group  of  insects  to  be  important  defoliators  of  the  vegetation,  and  they 
must  hold  a  high  place  in  the  economy  of  such  areas.  This  is  further  sup- 
ported by  the  fact  that  in  1929,  until  midsummer,  the  specimens  of  Dolerus 
far  outnumbered  other  species  of  insects  taken  on  Equisetum  and  Carex; 
and  the  larvae  seemed  to  attract  a  great  number  of  parasitic  Hymenoptera 
belonging  to  groups  which  are  known  to  parasitize  sawflies. 

Data  on  the  seasonal  occurrence  and  abundance  of  the  adults  of  the 
species  of  Dolerus  taken  in  all  localities  during  the  season  of  1929  are  shown 
in  Table  I,  and  a  summary  of  the  data  for  the  Seymour  area  alone  is  shown 
in  Figure  71. 

TABLE  I— TOTAL  NUMBER  OF  SPECIMENS  OF  DOLERUS  COLLECTED 
AT  ALL  LOCALITIES  IN  ILLINOIS  DURING  1929 


March 


April 


24- 
30 


May 


16- 
23 


24- 
31 


June 


July 


D.  unicolor.. . 
D.  neoagcistus 

D.  mini 

D.  coUaris... . 
D.  aprilis. ... 
D.  neoaprilis.  . 
D.  agcistus. .. 

D.  apricus 

D.  similis.  . . . 


2 
139 


191 

3 

S3 


13 


9 
3 
15 

13 

73 

124 


134 
4 


155 
71 


D.  neoaprilis,  D.  collaris,  and  D.  neoagcistus  were  represented  by  so  few 
specimens  that  they  may  be  passed  over  as  of  merely  incidental  interest, 
and  as  possibly  being  rarities  in  this  region.  Urbana  is  likely  the  extreme 
southern  limit  of  distribution  for  the  first  two,  but  all  three  of  these  species 
may  prove  to  be  abundant  with  further  exploitation.  D.  unicolor  is  the 
first  species  to  make  its  appearance.  In  1928  and  1929  the  adults  were 
flying  during  the  last  week  in  March,  and  in  1930  they  were  extremely 
abundant  on  March  15.  In  1929  they  reached  their  peak  of  abundance 
during  the  first  week  of  April,  and  thereafter  soon  dwindled  away. 

The  next  species  to  occur  in  large  numbers  were  D.  illini,  D.  aprilis, 
and  D.  agcistus.  On  April  14  these  species  were  all  at  their  greatest  abun- 
dance at  Seymour;  but  it  is  doubtful  if  they  occur  as  early  as  D.  unicolor. 
It  is  very  probable  that  the  great  proportion  of  the  population  of  each 
species  of  this  group  emerges  within  a  comparatively  short  time,  so  that 
the  graphic  curve  of  their  rise  in  numbers  would  be  very  steep,  as  is  that 
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of  D.  apricus.  D.  illini  and  D.  aprilis  were  especially  abundant,  while  D. 
agcistus  was  only  moderately  plentiful.  D.  agcistus  and  D.  illini  disappeared 
from  the  area  very  rapidly. 

In  the  Seymour  region  this  wave  of  species  had  receded  by  about  the 
first  of  May,  except  for  a  few  specimens  of  D.  aprilis,  and  left  the  field  to 
D.  similis.  This  latter  species  never  reached  very  great  numbers  in  the 
Seymour  habitat  but  was  represented  in  moderate  quantities  for  about  two 
months — a  much  greater  length  of  time  than  any  other  species.  This  could 
be  explained  by  various  reasons:  (1)  greater  longevity,  (2)  a  natural  tend- 
ency for  different  individuals  to  take  a  different  length  of  time  to  develop, 
or  (3)  the  selection  of  different  hibernation  sites  by  the  larvae,  so  that  they 
are  subject  to  different  temperatures  in  the  early  developmental  period  of 
spring,  hence  to  different  rates  of  growth,  and  as  a  result  would  emerge  as 
adults  over  a  longer  period  of  time.  It  will  be  remembered  from  the  discus- 
sion of  habitat  relations  that  D.  similis  is  also  the  only  species  observed 
which  was  not  apparently  restricted  to  a  certain  type  of  habitat,  but  oc- 
curred abundantly  wherever  its  food  plant  was  plentiful,  which  strongly 
suggests  the  last  alternative  to  account  for  its  long  period  of  adult  activity. 
This  species  was  much  more  abundant  at  Savoy  and  Ogden  than  at  Sey- 
mour, and  it  is  probably  the  most  common  species  in  the  state,  or  at  least 
second  in  rank  to  D.  unicolor. 

The  last  species  to  appear  on  the  scene  was  D.  apricus.  At  the  Seymour 
habitat  it  appeared  quite  suddenly  on  the  21st.  of  May,  and  its  numbers 
rose  in  a  few  days  to  their  highest  point.  About  three  weeks  after  its  first 
occurrence  it  was  rapidly  on  the  decline,  and  after  the  middle  of  June  it 
together  with  D.  similis  formed  the  final  retreat  of  the  adults  of  Dolerus 
for  the  season. 
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PHYLOGENY 

The  phylogeny  of  the  Dolerinae  is  based  essentially  upon  the  picture 
of  the  development  of  the  saw  from  the  simple  to  the  complex.  It  may  be 
argued  that  such  a  utilitarian  attribute  should  be  disregarded  in  a  consid- 
eration of  phylogeny,  since  it  is  apt  to  vary  within  natural  groups  without 
respect  to  relationships,  due  to  differences  in  the  host  plants  of  species 
within  the  same  group.  In  this  case,  however,  the  grouping  afforded  by 
the  saws  is  readily  upheld  by  external  morphological  characters  and  to 
quite  an  extent  by  the  male  genitalia,  which  seems  to  me  quite  significant 
in  a  group  so  lacking  in  conspicuous  specific  characters.  Also,  from  the 
meager  evidence  which  can  be  collected,  host  selection  seems  to  be  a  link  in 
the  phylogenetic  chain.  While  other  characters  alone  present  good  cri- 
teria for  super-specific  grouping,  they  do  not  show  so  clearly  as  the  saws 
that  which  is  so  necessary  to  a  family  tree,  namely,  direction  of  develop- 
ment. 

Zhelochovtsev  (1926),  using  the  evidence  furnished  by  the  Palearctic 
forms,  considered  the  development  within  the  subfamily  to  be  linear,  but 
when  the  Holarctic  fauna  is  considered,  there  appear  distinct  groups  which 
follow  a  line  of  development  at  divergence  with  the  others.  The  point  of 
origin  of  the  different  groups  is  speculative,  of  course,  but  the  developmen- 
tal lines  within  the  groups  are  distinct. 

The  unicolor  group  is  regarded  as  the  most  primitive  outgrowth  of  the 
Dolerinae  stem.  In  the  lowest  members,  e.g.,  D.  neocollaris,  the  postocular 
area  is  very  large  and  the  eyes  are  therefore  comparatively  small.  The  saw 
is  many-segmented,  the  lancet  lacks  lateral  armature,  and  the  annuli  are 
represented  by  obHque  areas  of  minute  spines.  The  lobes  are  distinct  and 
only  very  minutely  toothed.  In  the  higher  forms  the  postocular  area  be- 
comes slightly  shorter  and  the  lobes  more  coarsely  toothed.  The  sericeus 
group  probably  branched  off  from  the  main  stem  near  the  same  place  as 
did  the  unicolor  group.  In  saw  characters  these  two  groups  are  very  simi- 
lar, but  morphologically  the  sericeus  group  is  quite  distinct  from  all  other 
members  of  the  subfamily,  except  D.frisoni  Ross,  in  having  the  hind  tibiae 
very  clearly  grooved  on  both  the  inner  and  outer  sides,  and,  in  the  male, 
in  having  a  triangular  procidentia  on  the  caudo-mesal  portion  of  the  eighth 
tergite.  D.  frisoni  is  a  puzzling  case  which  is  discussed  under  the  treatment 
of  the  species.  The  conformation  of  the  pleurae  and  pectus  of  the  sericeus 
group  is  also  characteristic.  The  lancet  in  this  group  is  simple,  lacking 
lateral  armature  except  in  D.  neosericeus,  where  rudimentary  alae  are  de- 
veloped. The  lobes  are  distinct  and  coarsely  dentate,  and  annuli  are  usually 
well  indicated.  A  subgeneric  name  could  be  applied  to  this  group  with  good 
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justification,  for  it  is  certainly  as  definitely  separated  from  the  mass  of  the 
Dolerinae  as  is  the  subgenus  Loderus,  but  since  it  appears  as  only  one 
group  among  the  many  in  the  general  perspective  of  the  subfamily  it  seems 
unwise  to  split  the  genus  further. 

It  would  appear  that  a  dichotomous  split  occurs  in  the  family  tree 
above  the  point  from  which  sprang  the  lower  groups,  one  branch  giving 
rise  to  the  bicolor  group  and  the  other  giving  rise  to  the  similis  group  and 
its  allies.  In  the  bicolor  group  the  various  steps  in  the  development  of  the 
lateral  armature  of  the  saw  are  very  graphically  illustrated.  In  D.  coUaris 
(Figure  50)  the  annuli  are  distinct,  with  a  small  spurette  developed  at  the 
ventral  margin.  In  D.  clypealis  (Figure  49)  first  indications  of  alae  appear 
near  the  dorsal  margin  of  the  lancet,  the  spurettes  still  being  rudimentary. 
Progressing  through  D.  neoagcistus,  D.  bicolor,  and  D.  agcistus,  the  develop- 
ment of  the  alae  and  spurettes  can  be  followed  with  clarity.  In  this  group 
the  alar  and  ventral  spines  are  not  developed.  From  the  opposite  stem 
arose  the  similis  and  neoaprilis  groups,  and  the  subgenus  Loderus.  The 
first  two  probably  branched  oflf  close  together,  as  the  saw  characters  would 
indicate.  The  sijnilis  group  exhibits  a  progressive  reduction  of  the  teeth 
of  the  lobes,  a  marked  coalescence  of  the  spurettes  with  the  lobes,  and  a 
development  of  both  alar  and  ventral  spines.  In  the  neoaprilis  group  the 
spurettes  are  distinct,  the  lobes  have  many  fine  teeth,  the  Palearctic 
species  D.  dubius  has  both  alar  and  ventral  spines,  and  the  Nearctic  species 
D.  reoaprilis  has  only  ventral  spines.  Loderus,  which  is  characterized  by 
long,  emarginate  eyes,  seems  to  present  a  group  of  saws  of  a  highly  de- 
veloped nature,  but  on  analysis  the  difference  between  the  saws  of  Loderus 
and  the  similis  group  is  not  as  great  as  that  between  those  of  the  similis 
and  unicolor  groups.  The  saw  of  L.  apricus  suggests  a  close  relationship 
with  the  elderi  section  of  the  similis  group.  The  chief  differences  are  that 
in  L.  apricus  (Figure  5)  the  alar  spurs  have  become  separated  from  the 
alae,  and  the  spurettes  are  entirely  fused  with  the  ventral  lobes.  The  other 
species  of  Loderus  contain  two  t)^pes  of  saws  (Figures  4  and  6)  which  are 
markedly  different  from  each  other  and  show  no  clear  relationship  to  other 
groups  in  the  subfamily.  It  seems  apparent,  however,  that  they  have  arisen 
from  the  series  possessing  alar  spines;  and  the  long,  emarginate  eyes,  the 
development  of  alar  spines,  and  (in  L.  albifrons)  the  coalescence  of  the 
spurettes  with  the  ventral  lobes,  suggest  their  position  as  among  the  most 
highly  developed  group  in  the  subfamily. 

From  the  evidence  furnished  by  the  saws,  Loderus  is  at  most  a  highly 
specialized  group  comparable  to  other  groups  within  the  Dolerinae,  and 
follows  a  chain  of  development  from  the  lowest  forms  in  the  subfamily. 
Loderus  Konow  is  therefore  considered  in  this  paper  as  being  of  only  sub- 
generic  rank.  This  viewpoint  is  further  supported  by  a  consideration  of 
the  character  upon  which  Loderus  is  differentiated  from  Dolerus,  namely, 
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the  condition  of  the  eyes.  In  the  unicolor  group,  particularly  D.  neocollaris, 
the  eyes  are  short  and  the  postocular  area  long;  in  the  similis  group  the 
eyes  are  longer  and  the  postocular  area  short,  while  in  some  species  the 
inner  margin  of  the  eyes  show  a  distinct  tendency  to  be  emarginate;  in  L. 
acidus  and  L.  albifrons  the  eyes  are  no  longer  than  in  D.  similis  but  are 
distinctly  emarginate;  and  in  L.  apricus  the  eyes  are  very  long  and  emar- 
ginate. At  no  point  in  this  gradation  can  a  line  be  drawn  to  separate  the 
subfamily  into  two  distinct  units. 

The  distribution  of  the  subfamily  is  amazingly  uniform.  It  is  exclu- 
sively Holarctic,  occurring  in  Northern  Africa,  throughout  the  Eurasian 
region  with  the  exception  of  India  and  the  Malayan  region,  and  throughout 
North  America.  It  is  of  especial  interest,  however,  to  note  that  almost  all 
the  groups  into  which  the  subfamily  may  be  divided  are  represented 
throughout  the  Holarctic  region.  The  greater  number  of  the  Nearctic 
species  of  Dolerus,  and  all  the  Nearctic  species  of  Loderus  have  identical 
structural  homologues  in  the  Palearctic  region.  It  is  evident,  therefore, 
that  the  group  Loderus  has  not  developed  in  geographic  isolation,  but  with 
the  rest  of  the  Dolerinae. 

It  is  interesting  in  this  connection  to  note  that  complexity  of  saw  struc- 
ture has  progressed  hand  in  hand  with  host  selection.  The  evidence  on 
this  point  is  meagre,  since  very  few  of  the  larvae  of  this  group  have  been 
reared,  but  what  there  is  of  it  points  out  a  fairly  clear  path.  The  following 
tabulation  summarizes  the  host  relations  which  have  been  found  in  the 
literature: 


TABLE  II 


Group 

Species 

Host 

Unicolor 

D.  unicolor 

Phleum  pratense 

D.  nigratus 

Festuca  sp. 

D.  gonagra 

Festuca  sp. 

Unicolor? 

D.  madidus 

Juncus 

D.  haematodes 

Juncus  and  Scirpus 

Bicolor 

D.  collaris 

Rushes  (Eleocharis?) 

Similis 

D.  pratensis 

Equisetum  arvense 

D.  palustris 

Equisetum  arvense 

D.  similis 

Equisetum  arvense 

D.  nicaeus? 

Equisetum  arvense 

The  species  with  the  simple  saws  choose  for  hosts  the  soft-tissued  grasses, 
the  species  with  highly  developed,  complex  saws  have  hosts  of  a  hard,  sili- 
ceous texture.  It  will  be  interesting  to  find  the  host  relationships  of  the 
higher  members  of  the  bicolor  group,  of  the  neoaprilis  group,  and  of  the 
subgenus  Loderus. 
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The  following  diagram  gives  the  author's  conception  of  the  phylogene- 
tic  tree  of  the  subfamily: 
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TAXONOMY  AND  NOMENCLATURE 

SUBFAMILY  DOLERINAE 
Dolerides  Thomson,  Hymen.  Scandin.,  Tom.  I,  1871,  p.  278. 
Dolerides  Cameron,  Monog.  Brit.  Phyt.  Hymen.,  Vol.  I,  1882,  p.  157. 
Dolerinae  Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  1, 
Dolerinae  Ashmead,  Can.  Ent.,  Vol.  XXX,  No.  12,  Dec,  1898,  p.  306. 
Dolerides  Konow,  Gen.  Insectorum,  Hymen.,  Fam.  Tenth.,  1905,  p.  68. 
Dolerinae  MacGillivray,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XXIX,  1906,  p.  628  and  p.  631. 
Dolerinae  Rohwer,  Proc.  Ent.  Soc.  Wash.,  Vol.  XIII,  1911,  p.  221,  and  p.  222. 
Dolerini  Enslin,  Tenth.  Mitteleur.,  Deutch  Ent.  Zeits.,  1912,  Beiheft,  p.  40. 
Dolerinae  MacGillivray,  Bull.  No.  22,  Conn.  Geol.  Nat.  Hist.  Survey,  1916,  p.  68. 

Members  of  this  subfamily  are  characterized  by  the  venation  of  the 
front  wings  (Figure  70),  in  particular  the  contraction  of  the  anal  cell  and 
the  presence  of  only  two  closed  submarginal  cells,  due  to  the  loss  of  the 
middle  transverse  cubital  vein,  or  R5  of  MacGillivray.  The  group  is  a  com- 
pact one,  with  a  distinct  habitus.  The  body  is  stout,  short  in  comparison 
to  its  width  as  compared  with  other  groups,  such  as  the  Tenthredininae 
and  AUantinae.  The  clypeus  is  slightly  asymmetrical,  the  sinistral  lobe  being 
slightly  smaller  than  the  dextral.  The  greater  area  of  the  head  and  thorax 
is  opaque  and  punctate,  usually  clad  with  whitish  pile,  which  is  especially 
conspicuous  on  the  lower  portion  of  the  head. 

Existing  determinations  in  the  group  have  been  found  so  unreliable  that 
only  records  that  have  been  seen  by  the  author  are  considered  valid.  Par- 
ticularly misleading  errors  in  the  literature  have  been  commented  upon  to 
bring  them  into  conformity  with  the  records  in  this  paper. 

In  the  subfamily  and  generic  bibliography  many  references  have  been 
omitted  which  dealt  only  with  exotic  groups,  and  in  the  bibliography  of 
each  species  references  to  faunal  or  local  lists  have  been  omitted.  The  sub- 
family consists  of  only  the  one  genus,  Dolerus,  which  is  therefore  defined 
by  the  characteristics  of  the  subfamily. 

GENUS  DOLERUS  Jurine 
Litt.-Zeitung  Erlanger,  Vol.  I,  Nro.  21,  May  30,  1801,  p.  163. 

Genotype. — Dolerus  gonagra  Fabricius  (Subsequent  designation  of  Latri- 
elle,  1810). 

The  date  of  the  original  description  of  the  name  Dolerus,  in  common 
with  many  other  Hymenopterous  generic  names,  is  tied  up  with  the  "Er- 
langen  List"  of  Panzer,  published  in  the  daily  scientific  journal  of  Erlangen, 
and  forgotton  by  entomologists  until  it  was  again  brought  to  light  by  the 
work  of  Morice  and  Durrant  (1915).  These  two  authors  have  shown  that 
the  name  Dolerus,  accompanied  by  two  constituent  species,  D.  germanica 
and  D.  gonagra,  was  first  published  in  this  work.  Rohwer  (Ent.  News,  1911) 
accredits  the  genus  to  Panzer  and  gives  the  place  of  original  description  as 
"Fauna  Insectorum  Germaniae,"  Heft  82,  Jahrgang  7.    Morice  and  Dur- 
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rant  (loc.  cit.),  however,  state  that  this  latter  Volume  bears  the  date  "Sep- 
tember 3,  1910,"  whereas  the  Erlangen  List  was  published  on  May  30  of 
the  same  year.  Latrielle  (1810)  set  D.  gonager  Jur.  as  the  type  of  Dolerus, 
and  since  this  species  was  included  under  Dolerus  in  the  original  descrip- 
tion, it  is  a  valid  designation.  The  type  set  by  Rohwer  in  1911,  viz.,  Dolerus 
pedestris  Panz.  {  =  D.  pratensis  L.),  would  be  valid  only  if  the  second  refer- 
ence were  the  place  of  the  original  description.  The  author  is  in  accord 
with  the  arguments  and  opinions  of  Morice  and  Durrant  in  accrediting 
the  name  Dolerus  to  Jurine  and  not  to  Panzer. 

The  genotype  represents  a  member  of  the  unicolor  group  as  represented 
in  this  paper,  which  would  therefore  be  considered  as  the  genus  in  the  very 
strictest  sense  should  anyone  elevate  these  groupings  to  subgeneric  rank. 
Leach,  in  1817,  separated  from  Dolerus  the  genus  Dosytheus,  naming  first 
in  the  latter  D.  eglanteriae  Klug  {  =  D.  pratensis  L.),  which  belongs  to  the 
similis  group.  These  two  genera  have  been  considered  synonymous  by 
subsequent  authors.  A  study  of  the  Nearctic  forms  indicates  clearly  that 
these  groups  are  worthy  of  only  group  names,  and  are  not  of  generic  or  sub- 
generic  rank.  In  1890,  Konow  proposed  the  new  genus  Loderus  for  the 
species  of  Dolerus  which  had  the  inner  margin  of  the  eyes  emarginate,  but 
for  reasons  given  in  the  treatment  of  phylogeny,  Loderus  is  considered  as 
a  subgenus. 

KEY  FOR  THE  SEPARATION  OF  THE  SUBGENERA 
1.   Eyes  emarginate  on  their  mesal  margin;  malar  space  shorter  than  the  length  of  the  first 
antennal  segment  (Figure  16);  tarsal  claws  toothless  or  with  a  small  tooth  (Figures  11 

and  12) LODERUS  Konow 

-.  Eyes  almost  straight  on  their  mesal  margin,  short,  the  malar  space  usually  as  long  as  the 
length  of  the  first  antennal  segment  (Figure  15) ;  tarsal  claws  always  toothed  (Figures 
13  and  14) DOLERUS  Jurine 

Subgenus  Dolerus  Jurine 

Dolerus  Jurine,  in  Panzer,  Litt.  Zeitung  Erlanger,  Vol.  I,  Nro.  21,  May  30,  1801,  p.  163. 

Dolerus  Panzer,  Fauna  Insect.  German.,  VII,  p.  82,  T.  11,  1801. 

Dolerus  Panzer,  Krit.  Revis.,  Vol.  2,  1806,  p.  40. 

Dolerus  Jurine,  Nouv.  Meth.  Class.  Hymen.,  1807,  p.  57;  T.  2  F.  4. 

Dosylheus  Leach,  Zool.  Misc.,  Vol.  Ill,  1817,  pp.  127-128. 

Dolerus  Leach,  ibid. 

Dolerus  Lepeletier,  Monograph.  Tenthred.,  1823,  p.  116. 

Dolerus  Cresson,  Jour.  Bost.  Soc.  Nat.  Hist.,  Aug.,  1861,  p.  37. 

Dosytheus  Norton,  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  VIII,  1862,  p.  151. 

Dolerus  Norton,  ibid,  p.  154. 

Dolerus  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  231. 

Dolerus,  Sectio  II,  Thomson,  Hymen.  Scandin.,  Tom.  I,  1871,  p.  278  and  p.  281. 

Dolerus  Cresson,  Trans.  Amer.  Ent.  Soc,  Vol.  VIII,  Feb.,  1880,  p.  58. 

Dolerus  Cameron,  Monog.  Brit.  Phyt.  Hymen.,  Vol.  I,  1882,  p.  157. 

Dolerus  Provancher,  Faun.  Entom.  Can.,  Hymen.,  1883,  p.  195. 

Dolerus  Cresson,  Trans.  Amer.  Ent.  Soc,  Supp.  Vol.  for  1887,  p.  15,  p.  161. 

Dolerus  Dalla  Torre,  Cat.  Hymen.,  Vol.  I.,  1894,  p.  1. 
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nee  Dolerus  Guillebeau,  Ann.  Soc.  Ent.  France,  Vol.  LVIII,  1894,  p.  282  and  p.  307.  (Phalacri- 

dae,  Coleop.). 
Dolerus  Ashmead,  Can.  Ent.,  Vol.  XXX,  No.  12,  Dec,  1898,  p.  306. 
Dolerus  Konow,  Genera  Insectorum,  Hymen.,  Fam.  Tenth.,  1905,  p.  110. 
Dolerus  MacGillivray,  Bull.  No.  22,  Conn.  Geol.  Nat.  Hist.  Survey,  1916,  p.  69. 

Distinctive  characters  of  the  subgenus  those  given  in  the  key.  Eyes 
straight  on  their  mesal  margin  and  short  in  length;  malar  space  variable, 
usually  as  long  as  the  first  antennal  segment;  clypeus  coarsely  punctate, 
sub-truncately  cleft,  the  dextral  lobe  usually  slightly  longer  than  the  sinis- 
tral; the  area  above  the  cleft  transversely  carinate;  tarsal  claws  bearing  a 
tooth  which  may  be  either  small,  as  in  Figure  15,  or  large  and  coarse  as  in 
Figure  14;  antennae  and  punctuation  of  head  and  thorax  variable;  pleurae 
more  or  less  coarsely  punctate,  pectus  in  comparison  smooth  and  finely 
punctate;  sheath  well  clad  with  setae,  both  sheath  and  saw  extremely 
variable. 

Genotype. — Dolerus  gonagra  Fabricius  (Latrielle,  1810). 

This  subgenus  lacks  an  abundance  of  good  specific  characters,  and  hence 
the  species  are  often  difficult  to  separate.  In  the  bicolor  group  it  is  essential 
to  base  determinations  on  an  examination  of  the  saw.  In  the  similis  and 
sericeus  groups  the  saw  is  of  little  value  for  separating  closely  allied  forms, 
and  an  aggregate  of  other  characters  must  be  used.  The  differences  in 
these  two  latter  groups  are  largely  relative,  so  that  a  worker  has  to  famil- 
iarize himself  with  the  group  to  make  close  and  accurate  comparisons.  The 
males  of  many  species  can  be  readily  separated,  but  there  are  some  groups 
in  which  no  characters  have  yet  been  found  to  distinguish  between  the 
species,  even  when  the  males  are  known  and  at  hand.  The  genitalia  are 
very  helpful  in  separating  out  the  groups,  but  do  not  show  differences  be- 
yond that.  It  is  therefore  necessary,  although  regrettable,  to  key  some 
species  only  to  the  group. 
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KEY  FOR  THE  SEPARATION  OF  THE  NEARCTIC  SPECIES 

1.  Females  (abdomen  with  an  apical  sheath-like  structure,  Figure  1) 2 

— .   Males  (abdomen  with  a  flat  and  entire  apical  sternite,  Figure  7) 46 

2.  Hind  tibiae  deeply,  longitudinally  grooved  on  both  inner  and  outer  sides;  large  black 

species,  with  post-tergite  smooth  and  shining sericeus  Say 

— .  Hind  tibiae  distinctly  grooved  only  on  inner  side  if  at  all,  sometimes  very  slightly  on 
outer  side,  except  occasionally  apriloides,  which  has  the  abdomen  rufous;  color  and 
post-tergite  various ' 

3.  Head,  pleurae,  pectus  and  abdomen  metallic  blue  in  color,  collar  and  mesonotum  mostly 

yellow;  sheath  as  in  Figure  22,  with  the  ventrocaudal  margin  emarginate,  with  a  tuft 

of  hairs  at  the  apex unicolor  (Beauv.) 

— .  Body,  except  sometimes  head,  not  metallic  blue,  but  black  or  black  and  rufous;  sheath 
various ^ 

4.  Sheath  long,  emarginate  on  the  ventro-caudal  margin,  the  extreme  apical  portion  with 

a  distinct  scopa;  setae  short,  tufted  at  apex,  giving  the  sheath  a  horned  appearance 
(Figure  22);  postocular  area  twice  as  long  as  eye,  seen  from  above;  size  large,  body 

black  except  sometimes  part  of  thorax 5 

— .  Sheath  various  (not  as  in  Figure  22), either  short  or  without  a  tuft  of  setae  at  extreme  tip; 
postocular  area  often  long,  but  not  twice  length  of  eye 6 

5.  Body  entirely  black neocollarissubsp.  narratus  MacG. 

— .    Anterior  lobe  rufous neocoUaris  MacG. 

6.  Abdomen  and  most  of  thorax  black,  at  most  with  indistinct  fuscous  area  on  disc,  sides, 

or  base  of  abdomen ' 

— .  Abdomen  mostly  rufous,  at  least  with  two  terga  rufous  or  a  distinct  rufous  area  on  dor- 
sum of  abdomen,  in  the  latter  case  the  metapleurae  often  being  in  part  rufous 19 

7.  Lateral  lobes  rufous,  anterior  lobe  black borealis  MacG. 

— .   Lateral  lobes  either  the  same  color  or  darker  than  anterior  lobe 8 

8.  Postocular  area  long,  flat  and  robust;  sheath  thin  and  blade-like;  post-tergite  smooth 

and  shining,  without  a  median  carina;  large  species,  at  least  8.5  mm.  in  length 9 

— .  Not  with  the  above  combination  of  characters;  either  with  the  postocular  area  narrowed 
behind  eyes,  or  the  sheath  thick  and  short,  or  the  post-tergite  carinate  and  more  or 
less  sharply  striate ^^ 

9.  Body  entirely  black;  sheath  angled  on  ventral  margin  (Figure  17) iectus  MacG. 

— .   Usually  with  pronotum  and  anterior  lobe  rufous,  sometimes  with  the  lateral  lobes  also 

rufous,  sometimes  almost  entirely  black  except  for  clouded  rufous  areas  on  the  anterior 

lobe  and  pronotum;  sheath  rounded  on  ventral  margin,  not  angled  (Figure  23) 

mini  Ross 

10.  Sheath  with  a  distinct  scopa  along  the  distal  margin  (Figures  28,  30,  31  and  32),  with  a 

number  of  setae  near  the  middle  of  the  distal  margin  much  longer  than  the  rest, 
pleurae  usually  finely,  and  always  evenly,  punctate,  never  depressed  above  the  pectus; 

pectus  often  shagreened '■'■ 

— .  Sheath  without  a  scopa  (Figures  33  to  40),  the  setae  in  an  evenly  graduated  series; 
pleurae  usually  coarsely  and  unevenly  punctate,  often  depressed  above  the  pectus; 
pectus  shining  except  sometimes  in  neoaprilis lo 

11.  Scopa  narrow  or  indistinct,  at  most  as  w^de  as  in  Figure  28;  saw  without  alae,  sometimes 

with  small, peg-like  lateral  teeth  (Figures  49  and  50) 12 

— .  Scopa  wider  (Figures  30  to  32),  rim  of  scopa  often  rounded;  saws  with  lateral  teeth  and 
well  developed  alae  (Figures  52  to  54) " 
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12.  Scopa  indistinct,  sheath  long,  as  in  Figure  26,  cerci  attaining  only  half  length  of  sheath; 

saw  as  in  Figure  51,  the  basal  tooth  of  the  lobes  projecting  as  a  finger-like  process 

nortoni  var.  nigrella  Ross 

— .   Scopa  distinct,  sheath  shorter  and  wider  (Figure  27);  saw  as  in  Figure  50,  without  the 
basal  tooth  of  the  lobes  conspicuous 13 

13.  Body  entirely  black  except  sometimes  for  an  indistinct  rufous  spot  on  collar 

collaris  var.  erebus  Ross 

— .    Collar  and  usually  anterior  lobe  rufous collaris  Say 

14.  Saw  with  very  wide  lateral  teeth  (Figure  54);  sheath  thick  and  wide;  body  entirely 

black idahoensis  Ross 

— .  Saw  narrow,  without  very  wide  lateral  teeth  (Figure  53) ;  sheath  thick,  but  narrower  than 
in  idahoensis 15 

15.  Body  entirely  black,  except  sometimes  for  an  indistinct  rufous  mark  on  collar 

bicolor  var.  nigrita  Ross 

— .  Collar  and  anterior  lobe  rufous,  sometimes  upper  pleurae  and  part  of  lateral  lobes  rufous 
bicolor  var.  lesiicus  MacG. 

16.  Sheath  armed  with  short,  stiff,  black  and  bristle-like  setae;  upper  and  lower  margins  of 

sheath  convex,  sheath  thick  at  base,  pointed  at  apex  (Figure  36) 

neoaprilis  subsp.  konowi  MacG. 

— .  Sheath  armed  with  longer,  finer,  usually  silky  setae;  upper  margin  straight,  tip  of  sheath 
not  bi-convexly  pointed 17 

17.  Postocular  area  rotund  (Figure  7),  evenly  punctate,  with  at  most  a  very  shallow  furrow 

before  the  posterior  margin;  size  small,  less  than  8  mm elderi  var.  melanus  Ross 

— .  Postocular  area  usually  narrowed  behind  eye,  either  with  a  deep  transverse  furrow  before 
posterior  margin  or  densely  and  coarsely  punctate;  size  larger,  8  mm.  or  more.  ...  18 

18.  Sheath  wide,  lateral  carina  diverging  from  dorsal  margin  towards  apex  (Figure  34),  and 

distant  from  it;  head  black  from  all  angles;  postocular  area  rarely  shining,  usually 

opaque;  saw  as  in  Figure  59 nicaeus  MacG. 

— .  Sheath  narrow,  lateral  carina  approximate  to  and  converging  with,  dorsal  margin,  meet- 
ing it  at  tip  (Figure  35);  inner  orbits  giving  a  bluish  reflection  in  some  positions;  an- 
terior part  of  postocular  area  shining,  the  punctures  distinct  from  each  other;  saw  as 
in  Figure  57 nasntus  MacG. 

19.  Vertex  and  dorsum  of  thorax  without  punctures,  or  at  most  with  one  or  two  minute  im- 

pressions; abdomen  entirely  rufous tejoniensis  Nort. 

— .   At  least  postocellar  area  and  lateral  margins  of  anterior  lobe  bearing  several  punctures .  20 

20.  Punctures  on  thorax  very  few,  and  indistinct;  lateral  areas  of  anterior  lobe  with  only  a 

few  small  punctures;  postocular  area  impunctate,  shining;  size  large,  11  mm.;  abdomen 

entirely  rufous coloradensis  Cress. 

— .  Punctures  on  thorax  quite  distinct,  sides  of  anterior  lobe  densely  punctured;  postocular 
area  punctate,  although  often  shining;  size  and  color  variable 21 

21.  Metapleurae  and  adjacent  sutures  of  mesopleurae  entirely  or  partly  rufous;  mesopleurae 

evenly  punctate,  often  finely  so;  sheath  with  a  number  of  setae  on  ventral  margin 
much  longer  than  the  others;  abdomen  usually  rufous,  sometimes  with  venter  black 
and  part  of  dorsum  also,  but  never  with  first  four  or  five  segments  rufous  and  apex 

black 22 

— .  Metapleurae  and  adjacent  sutures  black;  mesopleurae  usually  roughly  punctate,  often 
indented  just  above  pectus,  with  a  number  of  larger  punctures  in  the  depressed  por- 
tion; sheath,  except  in  D.  interjectus,  with  setae  in  a  more  or  less  evenly  graduated 
series,  not  with  a  few  very  long  ones  on  the  ventral  margin;  abdomen  sometimes  en- 
tirely rufous,  often  with  the  first  four  or  five  segments  rufous  and  the  apex  black 35 

22.  Anterior  lobe  black,  lateral  lobes  rufous 23 
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— .   Anterior  lobe  either  same  color  as  lateral  lobes,  or  rufous  and  the  lateral  lobes  black .  .  24 

23.  Anterior  lobe  very  finely  and  evenly  punctate,  dull piercei  Roh. 

— .   Anterior  lobe  shining,  lateral  punctures  large  and  distinct,  sparse  posteriorly,  .versa  Nort. 

24.  Wings  checkered;  apical  portion  hyaline,  basal  portion  deeply  purplish  brown  infuscate 

eurybis  Ross 

— .   Wings  almost  uniformly  hyaline  or  infuscate 25 

25.  Thorax  entirely  black  (paraptera  sometimes  rufous),  abdomen  entirely  rufous 26 

— .    Thorax  in  part  rufous 27 

26.  Sclerites  forming  base  of  sheath  black;  pleurae  with  fairly  small  punctures 

agcistus  var.  maroa  Ross 

— .    Sclerites  forming  base  of  sheath  rufous;  pleurae  with  fairly  large  punctures 

abdominalis  (Nort.) 

27.  Venter  of  abdomen  mostly  black,  dorsum  rufous 28 

— .   Abdomen  entirely  rufous,  sometimes  with  small  areas  washed  with  black 29 

28.  Sheath  very  wide,  scopa  wide,  angled  laterally  (Figure  32) ;  saw  as  in  Figure  54;  size  large, 

10  mm.;  Pacific  Coast  species distinctus  Nort. 

— .  Sheath  smaller,  scopa  narrower;  size  smaller,  not  exceeding  8.5  mm.;  saw  as  in  Figure  50 
collaris  var.  maculicollis  (Nort.) 

29.  Clypeus  rufous;  sheath  triangular,  scopa  very  narrow;  saw  as  in  Figure  49.  xly pedis  Ross 
— .   Clypeus  black 30 

30.  Cerci  not  more  than  one-half  dorsal  length  of  sheath,  sheath  long  (Figure  26);  scopa 

lacking  or  very  indistinct;  saw  with  basal  angle  of  lobes  produced  in  a  finger-like  pro- 
jection (Figure  51);  small  species,  length  6  mm nortoni  Ross 

— .  Cerci  reaching  almost  to  tip  of  sheath,  sheath  short  or  angular  at  apex;  with  a  distinct, 
though  sometimes  narrow,  scopa;  ventral  margin  of  saw  not  as  in  Figure  51 31 

31.  Saw  with  only  rudimentary  alae  (Figures  49  and  50);  scopa  narrow,  no  wider  than  in 

Figure  27 32 

— .   Sp.w  with  alae  distinct  (Figures  52  to  54) ;  scopa  wider  (Figures  30  to  32) 34 

32.  Saw  sub-triangular,  as  in  Figures  49  and  61;  sheath  angular  at  apex,  ventral  margin 

straight 33 

— .   Saw  ellipsoidal,  as  in  Figure  50;  sheath  usually  with  ventral  margin  rounded 

collaris  var.  icterus  MacG. 

ZZ.   Spurettes  and  alar  spurs  of  saw  distinct  and  finger-like  (Figure  61);  wings  dusky 

piercei  Roh. 

— .   Spurettes  more  or  less  distinct,  alar  spurs  very  rudimentary  (Figure  49);  wings  hyaline 

clypealis  var.  nigriiabris  Ross 

34.  Scopa  oblique  (Figure  30) ,  lateral  margin  angular;  saw  as  in  Figure  52 ;  tarsal  claws  small 

neoagcistus  MacG. 

— .  Scopa  more  squarely  and  roundly  truncate,  if  oblique,  then  lateral  margins  rounded; 
saw  not  as  in  Figure  52 35 

35.  Saw  as  in  Figure  53;  sheath  small;  tarsal  claws  with  a  small  tooth;  size  small,  7  to  8.5  mm. 

bicolor  (Beauv.) 

— .  Saw  as  in  Figure  54;  sheath  larger  (Figure  32);  some  of  tarsal  claws  with  a  large,  coarse 
tooth  (Figure  13) ;  size  larger,  8.5  to  10  mm 36 

36.  Wings  only  slightly  brownish  infuscate agcistus  MacG. 

— .   Wings  deep  chocolate  infuscate  at  base,  shading  to  lighter  at  apex moramus  Ross 

37.  Sheath  truncate,  with  a  wide  scopa,  with  a  few  setae  on  the  caudal  margin  much  longer 

than  the  others  (Figure  31) ;  postocular  area  without  distinct  furrows;  saw  as  in  Figure 

54 inter jectus  Ross 

— .  Sheath  without  a  scopa,  with  the  setae  in  an  evenly  graduated  series  (Figures  Z2>  to  40), 
without  some  setae  on  the  ventral  margin  longer  than  the  others;  saw  not  as  in  Figure 
54 38 
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38.  Small  species,  6  mm.  in  length;  dorsum  of  thorax  black;  if  slightly  larger,  then  postocular 

area  rotund,  laterally  expanded  (Figure  7),  without  deep  furrows,  polished  and  sparsely 

punctate 39 

— .  Larger,  at  least  8  mm.  in  length,  or  with  anterior  or  lateral  lobes  rufous;  postocular  area 
either  deeply  transversely  furrowed,  or  densely  punctate,  sometimes  with  a  transverse 
shining  ridge 39 

39.  Femora  rufous,  entirely  or  in  great  part dderi  var.  rubicanus  Ross 

— .    Femora  black,  except  sometimes  their  apices 40 

40.  Abdomen  entirely  rufous,  at  most  with  a  portion  of  the  last  two  segments  black;  wings 

slightly  infuscate elderi  var.  auraneus  Ross 

— .    Abdomen  with  three  or  four  apical  segments  black;  wings  usually  hyahne.  .elderi  Kinc. 

41.  Sheath  clothed  with  short,  dense,  black,  bristle-like  setae;  sheath  thick  at  base,  tapering 

towards  apex,  the  latter  pointed  (Figure  36);  clypeus  very  deeply  notched;  pleurae 
with  some  very  large  punctures  in  a  conspicuously  depressed  area  over  pectus 

neoaprilis  MacG. 

— .  Sheath  clothed  with  slender  setae,  not  thick  and  bristle-Uke;  sheath  not  as  in  Figure  36 
42 

42.  Sheath  long  and  rhomboidal,  as  in  Figure  39,  the  black  chitinized  portion  longer  than 

wide 43 

— .  Sheath  shorter  and  less  truncate  than  in  Figure  39,  the  black  chitinized  portion  as  wide  as 
long 44 

43.  Thorax  black aprilis  (Nort.) 

— .   Thorax  in  part  rufous aprilis  var.  nocivus  MacG. 

44.  Meso-episternum  very  deeply  rugose,  the  rugosities  extending  to  the  very  edge  of  the 

pectus;  meso-episternum  depressed  above  the  pectus,  the  edges  of  the  depression  ob- 
scured by  the  large  pits;  division  between  pleurae  and  pectus  sudden  and  ridge-like; 
sheath  as  in  Figure  35,  with  a  distinct  dorso-lateral  corner;  saw  as  in  Figure  57 

apriloides  MacG. 

— .   Meso-episternum  sometimes  coarsely,  but  never  deeply  punctate,  and  never  so  rugose .  .  45 

45.  Ventral  portion  of  apical  red  tergites  black,  the  black  decreasing  towards  the  base  of  the 

abdomen,  forming  a  tapering  black  margin  on  the  venter  from  apex  to  base;  pleurae 
fairly  smoothly  punctate,  merging  into  the  pectus,  the  division  not  sharply  defined; 

saw  as  in  Figure  57 yukonensis  Nort. 

— .  Red  tergal  plates  entirely  red,  not  black  on  venter;  pleurae  more  or  less  coarsely  punctate, 
the  division  between  pleurae  and  pectus  distinct  and  ridge-like;  saw  as  in  Figure  59 
similis  (Nort.) 

46.  Body  mostly  metallic  blue  in  color unicolor  (Beauv.) 

— .   Body  not  metallic  blue,  except  sometimes  head;  color  black,  or  black  and  rufous  ...  .47 

47.  Abdomen  entirely  rufous 48 

— .   Abdomen  in  part  black 52 

48.  Vertex  impunctate,  polished,  shining;  dorsum  of  thorax  and  pectus  shining,  impunctate; 

dorsum  of  thorax  rufous  except  sometimes  anterior  lobe iejoniensis  Nort. 

— .  Vertex,  dorsum  of  thorax  and  pectus  punctate,  at  least  lateral  areas  of  anterior  lobe  with 
distinct  punctures 49 

49.  Mesonotum  entirely  black 50 

— .   Mesonotum  in  part  rufous 51 

50.  Wings  deeply  chocolate-infuscate  basally,  clear  at  apex eurybis  Ross 

— .   Wings  uniformly  hyaline abdominalis  (Nort.) 

51.  Anterior  lobe  black,  lateral  lobes  rufous versa  Nort. 

— .   Anterior  lobe  rufous,  lateral  lobes  black moravius  Ross 

52.  Abdomen  entirely  black 53 
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— .   Abdomen  with  at  least  two,  usually  with  four  to  six,  terga  rufous 63 

53.  Eighth  tergite  with  a  median,  subtriangular,  apical  projection  or  procidentia;  legs  dis- 

tinctly grooved  on  both  inner  and  outer  sides;  body  entirely  black sericeus  Say 

— .    Eighth  tergite  without  a  procidentia,  although  sometimes  carinate  on  the  meson;  legs 
not  groofed  on  outer  side,  rarely  on  inner;  if  grooved,  then  abdomen  mostly  rufous. .  .54 

54.  Postocular  area  twice  as  long  as  eye,  seen  from  dorsal  aspect,  latero-caudal  corner  much 

rounded ^^ 

— .    Postocular  area  less  than  twice  as  long  as  eye,  usually  shorter  or  subequal  in  length;  if 
nearly  twice  as  long,  then  quadrate  or  robust  on  the  corners 56 

55.  Occurring  in  the  Rocky  Mountains  and  westward;  pleurae  usually  with  abnormally  long 

pubescence neocollaris  subsp.  narratus  MacG. 

— .   Occurring  east  of  the  Rocky  Mountains;  pubescence  of  pleurae  of  the  usual  length 

neocollaris  MacG. 

56.  Anterior  lobe  rufous i^lini  var.  rujilobus  Ross 

— .   Anterior  lobe  black ■^ ' 

57.  Posterior  margin  of  post-tergite  round;  surface  highly  polished  and  shining,  without  a 

median  carina ■^° 

— .   Posterior  margin  of  post-tergite  pointed;  surface  at  least  faintly  striate,  with  a  more  or 
less  distinct  carina ^^ 

58.  Posterior  angle  of  anterior  lobe  with  distinct,  large  punctures tectus  MacG. 

— .    Posterior  angle  of  anterior  lobe  smooth  and  striate,  impunctate UHni  Ross 

59.  Cl>T)eus  deeply  notched,  at  least  halfway  to  base;  post-tergite  usually  shining,  striae 

granular  and  rounded;  pleurae  sharply  indented  above  pectus,  indented  portion  with 

large  irregular  punctures neoaprilis  subsp.  konoivi  MacG. 

— .    Cl>T3eus  notched  only  one  third  way  to  base;  post-tergite  usually  distinctly  striate,  striae 
sharp;  pleurae  little  if  at  all  indented  above  pectus 60 

60.  Pleurae  evenly,  more  or  less  "velvety"  punctate,  punctures  small,  walls  of  punctures 

low,  not  sharp;  sides  of  anterior  lobe  with  distinct  dot-like  punctures;  third  to  fifth 

abdominal  sternites  three  to  four  times  wider  than  long nortoni  Ross 

collaris  Say 

neoagcistus  MacG. 

bicolor  (Beauv.) 

agcistus  MacG. 

— .    Pleurae  with  large  crater-like  punctures,  walls  of  punctures  sharp  and  high;  sides  of 

anterior  lobe  with  uneven,  rugose  punctures;  third  to  fifth  abdominal  sternites  only 

twice  as  wide  as  long ^^ 

61.  Size  small,  7  mm.  or  less;  postocular  area  robust  and  round,  evenly,  sparsely  punctate, 

without  ridges elderi  var.  melanus  Ross 

— .   Size  larger,  8  mm.  or  more;  postocular  area  narrowed  behind  eyes,  transversely  ridged, 
unevenly  or  densely  and  coarsely  punctate 62 

62.  Head  with  an  area  lateral  of  ocelli  with  a  bluish  reflection;  postocular  area  with  a  central 

shining  area,  only  sparsely  punctate nasutus  MacG. 

— .   Head  without  an  area  with  a  bluish  reflection;  postocular  area  entirely  opaque  with 
punctures nicaeus  MacG. 

63.  Postocular  area  impunctate,  polished;  mesonotum  and  pectus  practically  impunctate, 

polished;  lateral  portions  of  anterior  lobe  shining,  with  only  faint,  sub-obsolete  punc- 

tufes coloradensis  Cress. 

— .   Postocular  area  with  distinct,  often  dense,  punctures;  lateral  portions  of  anterior  lobe 
dull  or  rough,  densely  or  coarsely  punctured 64 

64.  Pleurae  finely  punctured,  punctures  very  small  and  equal,  not  crater-like  with  sharp  walls 

65 
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— .  Pleurae  more  coarsely  punctured,  punctures  large  and  crater-like,  with  sharp,  distinct 
walls;  punctures  around  margin  of  meso-episternum  smaller,  those  in  centre  larger.  .66 

65.  Wings  hyaline,  except  for  a  slight  tawny  staining  near  base;  size  small,  7  mm. 

interjectus  Ross 

— ,   Wings  infuscate  on  basal  half;  size  larger,  8.5  mm nativus  MacG. 

66.  Size  small,  6  mm.;  postocular  area  robust  and  shining,  sparsely  punctate  without  a  trans- 

verse ridge  midway  between  eye  and  posterior  margin  of  head;  pleurae  with  large, 

round  punctures,  very  distinct,  shallow  and  saucer-like 67 

— .  Size  larger,  7  mm.  or  more;  postocular  area  either  densely  punctate,  or  with  a  distinct 
transverse  ridge;  punctures  of  pleurae,  if  large,  with  sharp  walls,  crater-like 69 

67.  Femora  rufous,  except  sometimes  basal  third elderi  var.  rubicanus  Ross 

— .   Femora  mostly  black 68 

68.  Wings  clear  hyaline elderi  Kinc. 

— .   Wings  slightly  infuscate;  occurring  in  the  southern  Rocky  Mountains 

elderi  var.  auraneus  Ross 

69.  Eighth  tergite  with  a  carinate  procidentia  extending  the  entire  length  of  the  segment, 

gradually  ascending  to  a  point  at  apex;  meso-episternum  depressed  above  pectus,  with 

large  rugosities  in  the  depression frisoni  Ross 

— .   Eighth  tergite  without  a  procidentia,  sometimes  slightly  carinate  on  the  meson 70 

70.  Meso-episternum  rugosely  punctate,  depressed  above  pectus,  the  wall  of  the  depression 

high  and  sharp  or  obscured  by  large  rugosities;  the  third  and  fourth  antennal  segments 

subequal;  hypopygium  long 71 

— .  Meso-episternum  not  so  coarsely  punctate,  at  most  feebly  depressed  above  pectus; 
clypeus  about  one-third  cleft;  third  antennal  segment  longer  than  fourth;  hypopygium 
short,  the  corners  often  sharp 72 

71.  Walls  of  depression  of  pleurae  high  and  sharp,  not  obscured  by  rugosities;  punctures  of 

pleurae  shallower;  hypopygium  more  rounded  at  apex neoaprilis  MacG. 

— .  Walls  of  depression  of  pleurae  obscured  by  rugosities, more  or  less  indefinite; punctures  of 
pleurae  deeper;  hypopygium  squarely  truncate  at  apex apriloides  MacG. 

72.  Ventral  portion  of  apical  red  tergites  in  part  black,  the  black  decreasing  towards  the  base, 

giving  a  striped  appearance  to  the  venter;  pleurae  and  pectus  merging  imperceptibly, 

making  an  even,  smooth  bevel yukonensis  Nort. 

— .  Red  tergal  plates  red  on  venter  also,  or  if  black  with  the  base  of  the  wings  fairly  deeply 
infuscate;  division  between  pleurae  and  pectus  well  defined,  usually  ridge-like 

similis  (Nort.) 

aprilis  (Nort.) 
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UNICOLOR  GROUP 

Females. — Postocular  area,  except  in  borealis,  usually  long;  clypeus 
notched  only  one-third  its  length;  antennae  fairly  stout,  third  segment 
slightly  longer  than  fourth,  the  remainder  very  gradually  diminishing  in 
length;  pleurae  smoothly  and  evenly  punctate,  sometimes  with  a  few  larger 
punctures  near  centre;  hind  tibiae  not  grooved  on  outer  side,  slightly 
grooved  on  inner;  tarsal  claws  with  a  small,  erect  tooth;  sheatli  long,  blade- 
like, in  some  species  with  a  narrow  scopa  at  tip;  cerci  attaining  only  half 
dorsal  length  of  sheath;  saw  simple,  without  lateral  teeth. 

Males. — Similar  to  females,  except  unicolor,  which  has  a  shorter  posto- 
cular area;  genitalia  as  in  Figure  65;  praeputium  long,  angular  at  base, 
apices  rounded  and  only  slightly  diverging;  gonocardo  very  narrow;  pedes 
wide  and  truncate. 

Dolerus  neocoUaris  MacGiUivray 

Dolerus  neocoUaris  MacGiUivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  127;  MacGillivray, 

BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  71;  Prison,  Bull.  ni.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 
Dolerus  refugus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  127;  MacGillivray, 

BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,16,  p.  71;  Frison,  BuU.  lU.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 

Female. — Length  8.5  to  10  mm.  Body  almost  entirely  black  except  col- 
lar, anterior  lobe,  most  of  pleurae  above  pectus,  and  minute  ring  at  apex 
of  femora,  rufous.  Tibiae  sometimes  slightly  lighter  than  body.  Wings 
hyaline. 

Postocular  area  very  long,  seen  from  above  twice  as  long  as  eye,  the 
postero-lateral  corners  round;  posterior  margin  of  head  very  much  sinuate; 
vertical  furrows  wide  and  trench-like,  reaching  posterior  margin;  postocel- 
lar  area  longer  than  wude,  raised  and  distinct  from  postocujar  area;  lateral 
ocelli  closer  to  each  other  than  to  posterior  margin  of  head;  head  entirely 
reticulately  punctate,  the  punctures  sparser  and  more  distinct  just  behind 
eye;  posterior  margin  of  postocular  area  with  a  slight  but  distinct  ridge, 
the  furrow  in  front  of  it  very  densely  punctate.  Centre  of  anterior  lobe 
very  finely  punctate,  shining,  lateral  areas  rough,  coarsely  punctate;  lateral 
lobes  closely  punctate  with  minute  pits;  post-tergite  triangular,  smooth  and 
shining,  sometimes  obscurely  striate,  subcarinate,  slightly  depressed  trans- 
versely, the  posterior  margin  angular,  the  extreme  point  smooth  and 
rounded;  pleurae  evenly  and  finely,  yet  roughly,  punctate;  pectus  shining, 
with  distinct,  fairly  large  punctures.  Sheath  as  in  Figure  22,  long,  the  ven- 
tral portion  thin,  gradually  increasing  in  thickness  dorsally,  the  apex  ter- 
minating in  a  distinct  apical  scopa  on  which  is  a  thick  tuft  of  short  setae, 
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giving  the  sheath  a  horned  appearance;  dorsal  margin  slightly  concave, 
ventral  margin  slightly  convex,  more  or  less  distinctly  shouldered  at  the 
ventro-caudal  angle,  slightly  emarginate  just  below  the  tip;  cerci  at  most 
attaining  half  dorsal  length  of  sheath;  setae  on  both  sheath  and  cerci  short 
and  silky,  except  on  "horn"  of  sheath.  Saw  as  in  Figures  41  and  42;  lance 
with  about  28  annuli;  apex  serrate,  base  very  large;  lancet  with  about  23 
lobes,  the  lobes  distinct  and  extremely  minutely  dentate;  annuli  represented 
by  linear  areas  of  minute  spines. 

Male. — Length  8  to  9.5  mm.  Color  entirely  black;  wings  hyaline. 
Structure  very  similar  to  female.  Head  usually  narrower  behind  eyes  than 
through  them,  entirely  coarsely  reticulately  punctate;  third  segment  of 
antennae  shorter  than  fourth,  fourth  and  fifth  subequal,  last  four  almost 
subequal,  but  slightly  shorter  towards  apex,  last  segment  three-fourths  as 
long  as  third.  Punctures  on  anterior  lobe  larger  than  in  female;  central 
portion  shining,  lateral  portion  rough,  posterior  third  with  sparser  large 
punctures;  lateral  lobes  shining,  with  very  small  punctures;  pleurae  very 
finely  punctate;  pectus  shining  and  minutely  punctured;  post-tergite  tri- 
angular, more  or  less  sharply  carinate  along  meson,  usually  obscurely 
striate  and  transversely  depressed,  the  posterior  margin  angular.  Ninth 
tergite  one-third  as  long  as  eighth,  caudal  and  mesal  portions  white;  hypo- 
pygium  long,  the  apical  half  trowel-shaped,  the  sides  converging  and  the 
tip  rounded;  ventral  aspect  of  genital  capsule  as  in  Figure  65. 

Holotype.—  9  ,  Fulton,  New  York,  April  27  (C.  R.  Crosby).  In  the 
MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Lectoallotype. — cf ,  Ithaca,  New  York,  April  23,  1896.  Deposited  with 
holotype.    (Frison,  1927). 

Distribution. — A  scarce  species  of  which  the  following  specimens  have 
been  examined:  COLORADO:  1  9  ,  Colo.  (C.  F.  Baker).  ILLINOIS:  Icf, 
Normal,  Apr.  30,  1884;  29  9,  Urbana,  Apr.  30,  1892  (Marten);  39  9, 
Devil's  Hole,  Havana,  Apr.  6,  1917;  Icf,  Urbana,  Mar.  27,  1928  (H.H. 
Ross);  2d^cf,  16  9  9,  Savoy,  April  9,  12  9  9  ,  Champaign,  April  10  and 
Gray  Lake,  April  23,  1930  (Frison  and  Ross).  IOWA:  49  9,  la.;  lo^, 
Mt.  Pleasant,  Apr.  11,  1928  (Purdy).  MASSACHUSETTS:  many  speci- 
mens from  Westfield,  Amherst,  Lexington,  Salem  and  Tynsboro,  April  and 
May.  MICHIGAN:  1  9  ,  Detroit,  Apr.  22,  1920  (S.  Moore);  1  9  ,  Ann 
Arbor,  May  7,  1919  (T.  H.  Hubbell).  MISSOURI:  1  9  ,  Mo.  (C.  V.  Riley). 
MONTANA:  16^,3  9  9  ,  Bozeman,  Apr.  26  to  Jn.  26;  2  9  9  ,  Gallatin  Co., 
Apr.  25,  1926.  NEBRASKA:  19,  Roca,  Apr.  13,  1918  (Brunner);  19. 
Loncoln,  Apr.  23,  1916  (Dawson);  IcT,  Neb.  NEW  YORK:  many  speci- 
mens from  Richfield  Springs,  Ithaca,  Syracuse,  Onreda  County,  Coy  Glen, 
Johnstown,  Stephentown,  and  Albany,  April,  May,  and  August.  OHIO: 
1  9  ,  Columbus,  Apr.  9,  1925  (0.  Cartwright);  1  9  ,  Cedar  Point,  Jly.  7, 
1915  (V.  R.  Haber).    SOUTH  DAKOTA:  Icf,  Brookings,  May  20,  1914. 
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WISCONSIN:  IcT,  Madison,  Apr.  30,  1920  (Centner).  ONTARIO:  cTd" 
and  9  9,  Ottawa,  May  to  August;  1  9  ,  Vineland,  Apr.  24,  1927  (W.  C. 
Carlick).  QUEBEC:  1  9,  Montreal,  Apr.  29,  1900  (A.  F.  Winn);  1  9, 
Montreal,  Jn.  3,  1906;  1  9 ,  Montreal,  May  7,  1927  (J.  W.  Buckle);  1  9  , 
Aylmer,  May  1,  1921  (C.  B.  Hutchings);  1  9 ,  Isle  de  Montreal,  May  20, 
1906. 

The  female  of  this  species  is  most  easily  confused  with  illini,  from  which 
it  is  readily  distinguished  by  the  sheath.  The  male  can  be  recognized  by 
the  great  length  of  the  postocular  area,  and  the  pointed  post-tergite.  The 
female  has  often  been  mistaken  for  similarly  colored  species  of  the  bicolor 
group,  but  can  easily  be  separated  from  them  on  the  basis  of  group  charac- 
ters and  the  sheath. 

A  series  of  this  species  from  Montana  contains  a  female  with  only  the 
anterior  lobe  rufous,  which  is  midway  between  the  typical  form  and  race 
narratus.   A  male  specimen  associated  with  this  series  has  the  long  pubes- 
cence found  in  males  associated  with  narratus. 

Dolerus  neocollaris  subsp.  narratus  MacGillivray 

Dolerus  narratus  MacGillivrajs  Gkn.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  65;  Frison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 
Dolerus  nocuus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XL,  Nos.  1-3,  1923,  p.  34;  Frison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.  New  synonymy. 

Female. — Length  9  mm.    Color  entirely  black. 

Structure  almost  identical  with  neocollaris.  Differs  only  in  having  the 
antennae  more  slender,  and  the  anterior  portion  of  the  lateral  lobes  almost 
impunctate.    Genitalia  as  in  neocollaris. 

Male. — Length  8  mm.  Color  entirely  black. 

Can  not  be  readily  separated  from  typical  neocollaris.  In  some  speci- 
mens the  pubescence  on  the  head  and  thorax  is  very  much  longer  than  in 
the  typical  form,  but  this  is  a  common  adaptation  to  higher  altitudes. 

Holotype.—  9  ,  Mary's  Peak,  Corvallis,  Oregon,  May  14  (A.  L.  Lovett). 
Deposited  in  the  MacGillivray  Collection,  University  of  Illinois,  Urbana, 
111. 

Lectoallotype.—  & ,  Mary's  Peak,  Corvallis,  Oregon,  May  23  (Z wicker). 
Deposited  with  the  holotype.    (Frison,  1927). 

Distribution.— TDKRO:  2>9  9  ,  Moscow.  OREGON:  Icf,  29  9, 
Mary's  Peak,  Corvallis;  Id',  Entermille;  Icf,  2  9  9  ,  Corvallis.  WASH- 
INGTON: 3crcf ,  2  9  9  ,  Pullman,  Apr.  3  to  25.  BRITISH  COLUMBIA: 
Id',  Vernon,  Ap.  25,  1919  (N.  W.  Ruhmann) ;  1  9  ,  Vernon,  Apr.  6,  1915 
(M.  H.  Ruhmann);  1  9  ,  Glacier;  Id',  Victoria,  Apr.  12,  1917  (A.  E.  Cam- 
eron). 

Dolerus  unicolor  (Beau vols) 

Tenthredo  unicolor  Beauvois,  Insect.  Afr.  and  Amer.,  1805,  Hymen.,  p.  97,  cf. 
Tenthredo  thoracinus  Beauvois,  ibid.,  9 . 
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Dolerus  thoracinus  Lepeletier,  Monog.  Tenthred.,  1823,  p.  122;  Dalla  Torre,  Cat.  HjTnen., 

Vol.  I,  1894,  p.  10. 
Dolerus  thoracicus  Kirby,  List  Hymen.  Brit.  Mus.,  Vol.  I,  1882,  p.  230. 
Dolerus  unkolor  Lepeletier,  Monog.  Tenthred.,  1823,  p.  122;  Norton,  Proc.  Boston  Soc.  Nat. 

Hist.,  Vol.  Vni,  1861,  p.  152;  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  234; 

Provancher,  Nat.  Canad.,  Vol.  X,  1878,  p.  70;  Riley,  Amer.  Nat.,  Vol.  XV,  1881,  p.  574; 

Provancher,  Faun.  Entom.  Can.,  Hymen.,  1883,  p.  196;  Gillette,  Ent.  News,  Vol.  I, 

1890,  p.  94;  Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  10;  MacGillivray,  Can.  Ent., 

Vol.  XL,  No.  4,  AprU,  1908,  p.  130;  MacGillivray,  BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv., 

1916,  p.  73. 
Dolerus  arvensis  Say,  Keatings  Narrat.  Exped.  H,  1824,  App.,  p.  319;  Leconte,  Writ.  Thomas 

Say  on  Entom.,  Vol.  II,  1859,  p.  214;  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII, 

1861,  p.  152;  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  234;  Provancher,  Nat. 

Canad.,  Vol.  X,  1878,  p.  70;  Thomas,  10th.  Rep.  State  Ent.  111.,  1880,  1881,  p.  67; 

Provancher,  Faun.  Entom.  Can.,  Hymen.,  1883,  p.  196;  Forbes,  14th  Rep.  St.  Ent.  111. 

f.  1884,  1885,  p.  100;  Packard,  Rep.  U.  S.  Ent.  Comm.,  Vol.  V,  1890,  p.  587;  Riley  and 

Marlatt,  Insect  Life,  Vol.  IV,  1891,  p.  171. 

Male. — Length  8  to  9  mm.  Body  metallic  blue,  except  mouthparts, 
labrum,  clypeus,  eyes,  antennae,  dorsum  of  meso-  and  metathorax  except 
sides  of  anterior  lobe,  tegulae,  pectus,  legs,  and  genital  capsule,  which  are 
black;  wings  almost  hyaline,  veins  black. 

Head  uniformly  reticulate;  eyes  p'rominent;  postocular  area  very 
slightly  longer  than  eye,  seen  from  above,  narrowed  behind  eye,  almost 
flat,  but  with  a  moderately  small,  sharp  transverse  ridge,  posterior  margin 
raised  and  ridge-like;  vertical  furrows  deep  and  trench-like,  separated  from 
posterior  margin  by  a  narrow  partition;  postocellar  area  also  reticulate, 
flat,  slightly  raised  above  level  of  postocular  area;  antennae  bilaterally 
compressed,  third  and  fourth  segments  subequal,  the  remainder  gradually 
and  almost  imperceptibly  decreasing  in  length.  Mesonotum,  except  sides 
of  anterior  lobe  and  most  of  post-tergite,  shining,  sparsely  and  more  or  less 
minutely  punctate;  sides  of  anterior  lobe  reticulate,  like  head  and  pleurae; 
post-tergite  shining,  usually  shagreened,  which  gives  a  sparkling  reflection, 
subtriangular,  slightly  to  moderately  transversely  convex,  without  a 
median  ridge;  meso-episternum  finely,  smoothly  and  evenly  reticulate; 
pectus  very  smooth  and  shining,  slightly  shagreened,  fairly  densely  punc- 
tured, diagonal  row  visible  but  somewhat  indistinct;  tarsal  claws  sharply 
curved,  with  a  small  tooth.  Eighth  tergite  with  a  very  fine  median  carina 
for  its  entire  length;  hypopygium  long  and  convex;  sides  of  apex  slightly 
concave,  apex  arcuately  rounded.  Genitalia  as  for  group. 

Females-Length  9  to  10  mm.  Body  mostly  metallic  blue,  with  the 
following  parts  yellowish-rufous:  prothorax,  sides  of  anterior  lobe  and 
lateral  lobes;  with  the  following  parts  black:  mouthparts,  clypeus,  anten- 
nae, middle  of  anterior  lobe,  scutum,  post-tergite,  metanotum,  pectus,  legs, 
ninth  and  tenth  tergites  and  sheath.  This  is  the  color  phase  described  and 
figured  by  Beauvois  for  Tenthredo  (Dolerus)  thoracinus  (1805).  Most  speci- 
mens encountered  have  the  anterior  half  of  the  lateral  lobes  black,  while  a 
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few  have  the  mesonotum  entirely  black  with  the  exception  of  several  small 
rufous  spots  in  the  corners  of  the  lobes.  Wings  brownish  infuscate,  slightly 
darker  than  in  the  male. 

Body  very  robust.  Head  uniformly  reticulate  except  sometimes  posto- 
cellar  area  and  transverse  ridge  of  postocular  area  which  may  be  more 
sparsely  punctate  and  shining;  postocular  area  distinctly  longer  than  eye, 
seen  from  above,  robust,  not  narrowed  behind  eye,  with  a  low,  wide,  raised 
transverse  area,  posterior  margin  without  a  carina;  vertical  furrows  very 
wide  and  trench-like,  only  two-thirds  as  long  as  postocellar  area;  postocel- 
lar  area  either  flat  and  reticulate  or  convex,  punctate  and  shining;  third 
antennal  segment  slightly  longer  than  fourth,  fourth  longer  than  fifth, 
remainder  almost  sub-equal.  Mesonotum,  except  sides  of  lateral  lobe  and 
post-tergite,  shining,  sparsely  punctured,  but  more  heavily  than  in  neocol- 
laris;  sides  of  anterior  lobe  evenly  reticulate;  post-tergite  as  in  male,  sha- 
greened,  dull  shining,  sub-triangular  and  convex,  not  carinate;  meso-epis- 
ternum,  pectus  and  tarsal  claws  as  in  male;  sheath  and  saw  exactly  as  in 
neocollaris. 

Neotype. —  d^,  Oakwood,  Illinois,  March  17,  1927,  flying  over  grass 
where  female  was  found  (T.  H.  Prison).  Deposited  in  the  collection  of  the 
Illinois  State  Natural  History  Survey,  Urbana,  111. 

Distribution. — An  early,  common  and  widely  distributed  species 
throughout  the  eastern  and  central  United  States  and  south-eastern  Can- 
ada. Over  two  thousand  specimens  of  this  species,  including  about  equal 
numbers  of  both  sexes,  have  been  examined  from  the  following  states: 
Colorado,  Connecticut,  Delaware,  Georgia,  Illinois,  Indiana,  Iowa,  Kansas, 
Kentucky,  Maine,  Maryland,  Massachusetts,  Michigan,  Minnesota,  Mis- 
souri, District  of  Columbia,  Nebraska,  New  Hampshire,  New  Jersey,  New 
York,  Ohio,  Pennsylvania,  South  Dakota,  Virginia,  Wisconsin,  Manitoba, 
Ontario  and  Quebec. 

A  large  species,  easily  distinguished  in  both  sexes  by  the  brilliant  metal- 
lic blue  color  of  the  greater  part  of  the  body.  Alcoholic  specimens  lose  the 
metallic  coloration,  in  which  case  the  female  may  be  distinguished  by  the 
sheath  and  the  pattern  of  the  dorsum  of  the  thorax,  and  the  male  by 
the  very  long  antennae  and  the  genitalia. 

The  amount  of  black  on  the  mesonotum  of  the  female  varies  consider- 
ably, from  being  a  single  mark  on  the  anteror  lobe  to  covering  almost  the 
entire  area.  The  intermediate  form  is  most  frequently  taken  in  collections. 
Apparently  none  of  the  color  phases  are  associated  with  geographic  distri- 
bution, for  all  of  them  have  been  taken  together  at  the  same  localities. 
For  this  reason  no  varietal  name  is  given  to  the  color  extreme  opposite  that 
illustrated  by  Beauvois. 

The  type  of  this  species,  together  with  the  types  of  many  other  hymen- 
opterous  species  of  Beauvois,  seems  to  be  lost,     Some  of  this  author's 
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coleopterous  types  are  in  the  British  Museum,  but  no  one  has  yet  discovered 
the  whereabouts  of  the  others.   It  seems  advisable,  therefore,  to  erect  neo- 
types  for  the  two  Nearctic  species,  D.  unicolor  and  D.  bicolor. 
Dolerus  borealis  MacGillivray 

Dolerus  borealis  MacGillivray,  Can.  Ent.,  Vol.  XXV,  No.  10,  Oct.,  1893,  p.  238;  Frison, 

Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240. 
Dolerus  nominatus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1-3,  1923,  p.  34;  Frison, 

Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240.   New  synonymy. 

Female. — Length  9  mm.  Color  black,  with  the  lateral  lobes  rufous. 
Wings  fuligino-hy aline. 

Head  reticulately  punctate,  with  a  small  impunctate  or  shagreened 
area  on  postocular  area  near  lateral  ocellus;  postocular  area,  seen  from 
above,  distinctly  longer  than  eye,  corners  rounded;  posterior  margin  of 
head  almost  transverse,  with  a  small  but  distinct  ridge;  postocular  area 
with  a  wide,  rounded,  transverse  carina;  vertical  furrows  distinct,  wide  near 
ocelli,  narrowing  to  a  line  at  posterior  margin;  postocellar  area  one  and 
one-half  times  wider  than  long,  shining,  with  large  punctures;  flagellum  of 
antennae  very  slender,  third  and  fourth  antennal  segments  sub-equal,  the 
others  very  gradually  decreasing  towards  apex.  Disk  of  anterior  lobe  shin- 
ing, only  obscurely  punctate,  lateral  areas  finely  but  roughly  punctate,  the 
lateral  areas  only  half  as  wide  as  complementary  portion  of  disk;  lateral 
lobes  shining,  sparsely  punctate;  post-tergite  triangular,  only  obscurely 
striate,  meson  round-carinate,  posterior  margin  angular;  pleurae  and  pec- 
tus as  in  neocollaris.  Sheath  thin  and  blade-like  (Figure  24),  setae  short 
and  slender,  very  slightly  tufted  at  apex;  saw  very  similar  to  neocollaris 
(Figure  43),  but  with  only  17  lobes,  each  one  slightly  longer  and  with  more 
numerous,  finer  teeth. 

Male. — Unknown  for  certain,  but  perhaps  nativus  MacG.,  which  occurs 
in  the  same  region,  and  agrees  very  well  in  structure  with  borealis.  There 
exists  a  great  color  diversity  between  the  two,  but  that  does  not  necessarily 
bar  them  from  being  the  same  species. 

Holotype.—  9 ,  Olympia,  Washington,  May  22,  1892  (T.  Kincaid).  In 
the  MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution. — Known  from  only  two  specimens  besides  the  type,  name- 
ly, one  female,  Moscow,  Idaho  (J.  M.  Aldrich),  and  one  female,  Oregon,  the 
type  of  nominatus  MacG.  This  specimen  differs  from  the  typic  specimen 
only  in  having  the  upper  part  of  the  pleurae  rufous. 

This  rare  and  handsome  species  is  easily  recQgnized  by  its  unique  color- 
ation. 

Dolerus  nativus  MacGillivray 
Dolerus  nativus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1-3,  1923,  p.  32;  Frison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 
Dolerus  nectareus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1-3,  1923,  p.  33;  Frison, 

BuU.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.   New  synonymy. 
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Male. — Length  8  mm.  Head  and  thorax  entirely  black;  abdomen  rufous 
except  segments  7  and  8  which  are  black.  Wings  brownish  infuscate,  fairly 
deeply  so  at  base,  but  lighter  towards  apex. 

Structurally  similar  to  borealis.  It  also  agrees  quite  closely  with  inter- 
jectiis  Ross,  a  member  of  the  bicolor  group,  from  which  it  differs  as  follows: 
pubescence  less  dense,  postocular  area  with  a  fairly  large  shagreened  area 
without  punctures;  lateral  lobes  very  shining;  pectus  highly  polished,  min- 
utely punctured;  hypopygium  with  the  apex  more  rounded,  the  posterior 
margin  and  sides  meeting  to  form  a  rounded  shoulder.  Genitalia  agreeing 
in  proportion  with  Figure  67,  but  with  the  praeputium  not  sharply  concave 
and  with  the  gonocardo  as  in  Figure  66. 

Female. — See  remarks  under  borealis  regarding  the  male. 

Holotype.—  d",  Entermille,  Oregon,  April,  29,  1917  (Baker).  In  the 
MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution. — As  in  the  case  of  borealis,  very  rare:  COLORADO:  IcT, 
"Col."  (Coll.  A.  N.  S.  Phil.).  OREGON:  Icf ,  Entermille,  Apr.  29,  1917 
(Baker).  This  latter  specimen  is  the  type  of  nectar eus  MacG.  It  differs  from 
the  type  of  nativis  in  having  the  postocular  area,  disk  of  anterior  lobe  and 
post-tergite  more  or  less  shagreened. 

This  species  differs  from  interjedus  by  characters  given  in  the  descrip- 
tion, and  from  many  members  of  the  similis  group,  which  it  greatly  re- 
sembles and  with  which  it  is  likely  to  be  confused,  by  the  finely  punctured 
pleurae  which  merge  so  smoothly  and  imperceptibly  with  the  pectus  and 
by  characters  of  the  genitalia. 

Dolerus  illini  new  species 

Female. — Length  9  to  11  mm.  Color  mostly  black,  with  the  pronotum, 
anterior  lobe  and  upper  half  of  meso-episternum  rufous.  Inmost  specunens 
the  head  has  an  indistinct  bluish  reflection,  in  some  the  lateral  lobes  are 
rufous,  and  a  few  have  the  thorax  almost  entirely  black  except  for  indis- 
tinct rufous  areas  at  the  corners  of  the  pronotiun  and  anterior  lobe.  Front 
wings  slightly  brownish-gray  infuscate,  hind  wings  almost  hyaline. 

Head  rather  smoothly,  reticulately  punctate,  with  a  small  shagreened 
area  postero-laterad  of  lateral  ocelli;  clypeusmore  or  less  angularly  notched 
for  one-third  its  length;  seen  from  above  postocular  area  longer  than  eye, 
robust,  very  slightly  expanded  behind  eye,  the  posterior  margin  lacking  a 
carina,  the  caudo-lateral  corners  somewhat  quadrate;  posterior  margin  of 
head  slightly  immarginate;  vertical  furrows  deep  and  trenchlike,  but  only 
reaching  two-thirds  of  the  distance  to  the  posterior  margin;  postocellar  area 
quadrate,  raised  above  the  level  of  the  postocular  area,  which  is  uniformly 
flat;  in  most  specimens  of  this  species  the  median  fovea  is  a  minute  shining 
spot  in  the  bottom  of  a  punctate  depression,  and  the  ocellar  fovea  is  a  small 
polished  spot  adjacent  to  and  in  front  of  the  median  ocellus;  ocellar  basin 
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obsolete;  antennae  moderately  thick,  third  segment  longer  than  fourth,  the 
remainder  gradually  decreasing  in  length.  Anterior  lobe  sub-inflated,  disk 
shining,  minutely  punctate,  lateral  areas  with  even,  more  or  less  distinct 
punctures ;lateral  lobes  shining,  with  moderately  dense  but  small  punctures; 
post-tergite  polished,  flat  and  triangular,  at  most  only  obscurely  striate 
at  base,  mesal  portion  bevelled  but  not  carinate,  posterior  margin  very 
bluntly  angled,  scarsely  crescentic;  mesopleurae  smoothly  pitted,  the  walls 
of  the  punctures  glossy  and  rounded;  pectus  polished,  minutely  punctured, 
with  a  diagonal  linear  strip  of  denser,  larger  punctures.  Sheath  as  inFigure 
23,  blade-like,  the  apical  portion  with  a  very  narrow,  uniform  scopa;  sides 
of  sheath  shagreened;  setae  suggestive  of  the  bicolor  group,  most  of  the 
setae  being  short,  in  a  uniform  series,  but  with  a  small  number  near  the 
caudo-ventral  angle  about  twice  as  long  as  the  others;  setae  brown;  cerci 
half  dorsal  length  of  sheath;  saw  as  in  Figure  45;  lance  with  about  23  seg- 
ments, the  tip  serrate;  lancet  with  about  19  segments,,  the  annuli  re- 
presented by  oblique  bands  of  minute  spines,  lobes  with  about  eight  fine, 
even  teeth. 

Male. — Length  9  to  10  mm.  Color  entirely  black,  except  head,  which 
usually  has  the  dorsal  portion  bluish-black.  Front  wings  very  faintly  tawny, 
hind  wings  hyaline. 

Structure  very  similar  to  female.  Differs  as  follows:  first  three  segments 
of  flagellum  either  subequal,  or  the  second  slightly  the  longest;  pleurae 
more  finely  punctured.  Ninth  tergite  one- third  length  of  eighth;  hypopy- 
gium  long,  sides  of  apex  not  so  convergent  as  in  neocoUaris,  the  posterior 
margin  sub-truncate.   Genitalia  as  for  group  (Figure  65). 

Holotype. —  $  ,  Seymour,  Illinois,  April  14,  1929  (Park  and  Ross).  De- 
posited in  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111. 

Allotype. — cf ,  same  data  as  holotype,  and  deposited  with  it. 

Paraty pes. —COLORABO:  Icf ,  Fort  Collins,  May  5,  1900;  Id",  Min- 
eral County,  June  20,  1919,  10,800  ft.  alt.  CONNECTICUT:  1  9  .  ILLI- 
NOIS: 62d'cf ,  68  9  9  ,  Seymour,  Apr.  14,  1929  (Park  and  Ross);  lOcf  cf , 
13  9  9  ,  Seymour,  Apr.  15,  1929  (Frison  and  Ross);  4  9  9,  Bondville,  Apr. 

15,  1929  (Frison  and  Ross);  Icf ,  2  9  9  ,  Galton,  Apr.  18,  1929  (Frison  and 
Ross);  Icf,  White  Heath,  Apr.  15,  1929  (Frison  and  Ross);  2cf  cT,  6  9  9, 
Thomasboro,  Apr.  24,  1929  (Frison  and  Ross);  Icf,  3  9  9  ,  St.  Joseph,  Apr. 

16,  1929  (Frison  and  Ross);  5cf  d',  3  9  9,  Urbana,  Apr.  16,  1929  (Frison 
and  Ross);  2crcf,  2  9  9,  Ogden,  Apr.  16,  1929  (Frison  and  Ross);  IcT, 
2  9  9,  Chebanse,  Apr.  24,  1929  (Frison  and  Ross) ;  2cf  cf ,  Paxton,  Apr.  24, 
1929  (Frison  and  Ross);  18  9  9  ,  Ludlow,  Apr.  24,  1929  (Frison  and  Ross); 
19,  Tolono,  Apr.  18,  1929  (Frison  and  Ross);  69  9,  Rantoul,  Apr.  24, 
1929  (Frison  and  Ross);  19,  Seymour,  Apr.  17,  1929  (H.  H.  Ross);  19, 
Algonquin,  Apr.  25,  1894  (W.  Nason);  lOd'cf,  12  9  9 ,  Snyder,  April  16, 
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1930  (Frison  and  Ross).  IOWA:  1  9  ,  Ames,  Apr.  26,  1926  (G.  Hendrick- 
son);  19,  Ames,  May  5,  1926  (G.  Hendrickson).  KANSAS:  19,  Law- 
rence, Apr.  18,  1923  (W.  G.  Garlick);  Icf ,  Douglas  County,  1920  (W.  E. 
Hoffman);  4cfcf,  Douglas  County,  April.  MASSACHUSETTS:  19, 
Saugus,  Apr.  29,  1920  (C.  E.  Hofer);  19,  Stontham,  Jn.  1,  1920  (C.  E. 
Hofer);  Icf,  Chicopee,  May  17,  1902;  19,  Forest  Hills,  May  1,  1917  (A. 
M.  Wilcox);  1  9  ,  Longmeadow,  May  14,  1905  (F.K.  Knab);  1  9  ,  Tynsboro, 
(F.  Blanchard);  1  9 ,  Bedford,  May  4.  MICHIGAN:  2  9  9,  Ann  Arbor, 
May  22,  1919  (T.  H.  Hubbell);  1  9  ,  Ann  Arbor,  May  18,  1919  (T.  H.  Hub- 
bell);  1  9  ,  Ann  Arbor,  Apr.  18,  1917;  Ic?",  Ag.  Coll.  NEW  HAMPSHIRE: 
1  9  ,  Franconia;  1  9  ,  N.  H.,  1879.  NEW  JERSEY:  1  9  ,  Ramsey,  Apr.  30, 
1911.  NEW  YORK:  1  9 ,  Ithaca,  Apr.  20,  1895;  1  9  Ithaca,  May,  1893. 
SOUTH  DAKOTA:  4  9  9  ,  S.  D.;  3  9  9  ,  Brookings;  1  9  ,  Brookings,  Jn.  12, 
1923(H.  C.Severin).  ALBERTA:  Icf,  Gull  Lake,  Ap.  4, 1929  E.  H.  Strick- 
land); 1  9  ,  Gull  Lake,  Jn.  8,  1929  (E.  H.  Strickland).  MANITOBA:  1  9  , 
Birtle,  May  25, 1928  (R.  D.  Bird) .  Deposited  in  a  large  number  of  collections. 

In  the  vicinity  of  Urbana,  111.,  this  species  was  taken  in  great  abundance 
in  the  Equisetum,  Eleocharis  and  Carex  habitats  similar  to  Figure  72.  It 
was  one  of  the  earliest  species  to  reach  its  greatest  abundance  in  this  habi- 
tat, attaining  its  peak  at  the  same  time  as  aprilis  and  agcistus. 

The  female  of  illini  can  be  separated  from  other  species  of  the  same 
color  by  the  long,  thin  sheath  and  the  saw.  Both  sexes  differ  from  neocol- 
laris  in  the  shorter  and  more  robust  postocular  area,  and  from  similarly 
colored^members  of  the  bicolor  group  by  the  more  quadrate  head,  having 
the  anterior  lobe  slightly  wider  and  shorter  with  the  disk  polished,  and  the 
polished  pectus  and  post-tergite.  The  female  of  tedus  differs  in  having  a 
shorter,  shouldered  saw  (Figure  17),  the  male  in  having  a  crescentic,  not 
triangular,  post-tergite,  and  more  sparsely  punctured  lateral  areas  of  the 
anterior  lobe. 

Dolerus  illini  var.  rufilohus  new  variety 

Male. — Color  black,  except  for  the  collar,  anterior  lobe,  and  extreme 
upper  corner  of  meso-pleurae,  which  are  rufous.  In  other  respects  precisely 
as  in  the  typical  form  of  the  species. 

Holotype. —  cf,  Brookings,  South  Dakota.  In  the  collection  of  the  Illi- 
nois State  Natural  History  Survey,  Urbana,  111. 

Known  only  from  the  type.  This  variety  can  be  separated  from  the 
males  of  all  other  species  of  the  genus  by  its  color.  It  is  a  male  which  ap- 
parently has  assumed  the  same  coloration  as  the  female. 

Dolerus  tedus  MacGillivray 

Dolerus  tedus  MacGillivray,  Can.  Ent.,  Vol.  XLVI,  No.  3,  Mar.,  1914,  p.  104;  MacGillivray, 
Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  70;  Frison,  BuU.  III.  Nat.  Hist.  Surv., 
Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244. 
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Female. — Length  9  to  10  mm.  Color  entirely  black.  Wings  uniformly 
faintly  tawny. 

Structurally  extremely  similar  to  illini,  differing  as  follows:  punctuation 
of  head  slightly  coarser,  postocular  area  a  trifle  more  convex;  post-tergite 
polished,  crescentic,  posterior  margin  circularly  rounded,  median  length 
small,  dorsal  surface  convex,  but  not  approaching  carinate;  sheath  (Figure 
17)  caudo-ventrally  shouldered,  not  evenly  rounded  as  in  illini,  setae  simi- 
lar to  the  latter,  with  a  number  of  longer  ones  on  the  caudal  margin;  saw 
differs  only  in  having  more  teeth  on  the  lobes,  averaging  ten  instead  of 
eight. 

Male. — Length  8.5  to  9.5  mm.  Color  entirely  black,  wings  slightly 
tawny. 

Structurally  similar  to  male  of  illini,  from  which  it  differs  as  follows: 
post-tergite  crescentic,  not  triangular,  the  posterior  margin  circular,  not 
angular;  anterior  lobe  with  punctures  on  lateral  areas  more  widely  sepa- 
rated, and  with  more  punctures  on  the  posterior  corner;  anterior  angles 
of  lateral  lobes  a  trifle  shagreened;  posterior  margin  of  hypopygium  circu- 
larly rounded. 

Holotype. —  9  ,  New  Haven,  Connecticut,  May  4,  1904,  on  Salix  (H.  L. 
Vierick).  In  the  MacGillivray  Collection,  University  of  Illinois,  Urbana, 
111. 

Lectoallotype. —  cf ,  same  data  as  holotype.  Labeled  as  a  paratype  by 
MacGillivray  but  not  mentioned  in  the  original  description  (Frison,  1927). 
Present  designation. 

Distribution. —  cf ,  9  ,  New  Haven,  Conn.,  (types);  1  9  ,  Chelsea,  Mass., 
April  21;  19,  Ann  Arbor,  Mich.,  May  13,  1919  (T.  H.  Hubbell);  19, 
Brookings,  S.  D. 

A  rare  spaces  of  scattered  distribution.  It  is  most  closely  allied  to  illini, 
but  can  be  separated  from  it  by  characters  listed  in  the  description.  The 
sheath,  postocular  area  and  pectus,  together  with  the  very  rotund  hind 
tibiae,  will  separate  it  from  members  of  the  sericeus  group,  with  which  it 
has  usually  been  confused. 

SERICEUS  GROUP 

Usually  large  black  species;  clypeus  only  moderately  cleft,  less  than 
one-half  its  length,  the  cleft  V-shaped,  the  lobes  angular;  head  below  vertex 
closely  reticulate;  vertical  furrows  very  deep  and  distinct,  making  the  pos- 
tocellar  area  extremely  well  set  out;  third  antennal  segment  almost  equal 
to  fourth,  but  slightly  longer,  the  following  segments  very  gradually  di- 
minishing in  length;  flagellum  setaceus,  slightly  narrowed  towards  tip. 
Punctuation  of  thorax  variable;  post-tergite  usually  shining,  variable  in 
shape;  pectus  very  distincty  set  off  from  pleurae,  usually  shagreened  and 
punctate,  with  a  distinct  diagonal  row,  pectus  more  or  less  concave  between 
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diagonal  row  and  pleurae;  hind  tibiae  distinctly  longitudinally  grooved  on 
both  inner  and  outer  sides;  claws  with  a  tooth.  Females  with  a  thin, 
blade-like  sheath  without  a  scopa,  saws  of  all  the  forms  very  similar.  Males 
with  a  distinct  median  procidentia  on  the  posterior  margin  of  the  eighth 
tergite.  Genitalia  as  in  Figure  66;  praeputium  long,  angular  at  base  and 
w^ith  finger-like  apices;  gonocardo  very  narrow,  constricted  on  the  meson; 
pedes  small. 

Dolerus  sericeus  Say  sens.  lat. 

This  species  complex  presents  a  multitude  of  variations  in  the  polish  of 
the  vertex,  the  relative  size  and  numbers  of  the  punctures  of  the  anterior 
lobe,  meso-episternum  and  pectus,  the  shape  of  the  post-tergite,  in  the  fe- 
male the  shape  of  the  sheath,  and  in  the  male  the  shape  of  the  procidentia. 
Some  of  these  variations  can  be  separated  into  groups  which  have  been 
considered  as  species  by  some  authors,  but  the  differences  are  so  variable 
and  so  essentially  a  matter  of  comparative  degree  that  it  is  impossible  to 
give  a  key  for  the  satisfactory  treatment  of  all  specimens  of  the  complex. 
It  suggests  very  strongly  a  species  in  the  active  process  of  evolution.  It 
is  possible  to  delineate  two  or  three  groups,  termed  subspecies  in  this  paper, 
which  possess  fairly  constant  characteristics,  differing  from  each  other  in 
a  comparative  degree.  It  is  not  always  possible  to  assign  a  specimen  to  a 
definite  race.  Whether  these  subspecies  represent  good  species,  or  are  all 
merely  variations  of  the  same  species,  is  a  matter  of  conjecture,  which  will 
probably  be  settled  only  by  breeding  experiments. 

The  following  is  a  key  to  the  subspecies  of  Dolerus  sericeus  Say: 

1.  Females 2 

-.    Males 5 

2.  Sheath  relatively  narrow  and  pointed,  as  in  Figure  19,  dorsal  margin  convex  at  tip;  sides 

of  anterior  lobe  with  a  few  large,  crater-like  punctures;  pectus  usually  with  conspicuous 

scattered  punctures sericeus  subsp.  centralis  Ross 

-.   Sheath  wider,  dorsal  margin  straight  or  concave 3 

3.  Sides  of  anterior  lobe  more  or  less  uniformly  reticulate,  not  with  at  least  four  or  five  large, 

crater-like  punctures;  lateral  areas  of  pectus  very  opaque,  densely  shagreened,  usually 

with  only  very  minute  punctures sericeus  Say  s.  st. 

-.   Sides  of  anterior  lobe  with  at  least  five  or  six  large  crater-like  punctures  conspicuously 
larger  than  the  rest 4 

4.  Punctures  of  meso-episternum  of  medium  size;  pectus  inclined  to  shining,  diagonal  row 

of  punctures  not  conspicuously  large  or  rough,  lateral  portion  not  strongly  concave, 
usually  only  slightly  shagreened;  smaller,  9  to  11  mm. 

sericeus  subsp.  parasericeus  MacG. 

-.   Punctures  of  meso-episternum  very  large  and  deeply  impressed;  pectus  dull,  diagonal 
row  and  median  punctures  conspicuously  coarse,  with  rough  walls,  lateral  portion 
strongly  concave,  very  densely  shagreened;  larger,  11  to  12  mm. 
sericeus  subsp.  neosericeus  MacG. 

5.  Pectus  dull,  entirely  shagreened,  without  any  shining  areas 6 

-.   Pectus  slightly  shining,  sometimes  slightly  shagreened,  but  always  with  a  gloss  on  the 

lateral  areas 7 
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6.  Sides  of  anterior  lobe  and  meso-epistemum  with  large,  crater-like  punctures;  pectus  with 

diagonal  row  of  punctures  conspicuously  coarse,  walls  rough;  procidentia  low,  round 

and  knob-like,  base  sometimes  carinate sericeus  subsp.  neosericeus  MacG. 

-.   Sides  of  anterior  lobe  evenly  reticulately  punctured;  meso-episternum  only  moderately 
coarsely  punctured;  pectus  quite  smoothly  punctured,  diagonal  row  moderately  fine; 
procidentia  inverted  trough-like,  fairly  high,  ridge-Uke  for  its  entire  length 
sericeus  Say  s.  st. 

7.  Procidentia  one-half  length  of  eighth  tergite,  carinate  for  its  whole  length,  dorsal  edge 

slightly  depressed  near  middle sericeus  subsp.  parasericeus  MacG. 

-.   Procidentia  one-quarter  length  of  eighth  tergite,  small,  rounded  and  drop-like,  with  a 
faint  indication  of  a  carina  at  its  base sericeus  subsp.  centralis  Ross 

Dolerus  sericeus  Say  sens.  st. 

Dolerus  sericeus  Say,  Keatings  Narrat.  Exped.  II,  1824,  App.,  p.  320;  Leconte,  Writ.  Thomas 
Say  Entom.,  II,  1859,  p.  214;  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861, 
p.  154;  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  235;  Provancher,  Nat.  Canad., 
Vol.  X,  1878,  p.  71;  Provancher,  Faun.  Ent.  Can.,  Hymen.,  1883,  p.  197;  Dalla  Torre, 
Cat.  Hymen.,  Vol.  I,  1894,  p.  17;  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv., 
1916,  p.  69. 

Dolerus  colosericeus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  125;  MacGil- 
Uvray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  70;  Prison,  Bull.  111.  Nat.  Hist. 
Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240.   New  synonymy. 

Dolerus  monosericeus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  126;  Prison, 
Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.   New  synonymy. 

Female. — Length  10  to  11.5  mm.  Color  entirely  black.  Front  wings 
uniformly  dark  brown,  hind  wings  uniformly  a  lighter  brown. 

Head  as  for  group;  postocular  area  as  long  as  eye,  seen  from  above,  dull, 
with  reticulate  punctures  and  shagreening  on  the  unpunctured  areas,  with 
a  low,  narrow,  transverse  carina  somewhat  obscured  by  it  dense  punctua- 
tion, posterior  margin  with  a  coarse  carina;  postocellar  area  quadrate, 
raised  above  level  of  postocular  area,  more  or  less  shining  and  punctate. 
Disk  of  anterior  lobe  shining  and  evenly  punctured,  sides  fairly  evenly 
reticulate  with  more  or  less  elongate  punctures,  not  round,  smaller  than 
in  the  other  species,  only  occasionally  with  one  or  two  punctures  conspic- 
uously larger  than  the  rest;  lateral  lobes  evenly  punctured,  shining  or  more 
or  less  shagreened;  post-tergite  smooth,  with  or  without  a  rounded  median 
carina,  posterior  margin  more  or  less  triangular;  meso-episternum  with 
irregular  reticulate  punctures,  not  very  large,  with  a  smooth  appearance; 
pectus  shagreened,  finely  and  minutely  punctured,  diagonal  row  of  sparse, 
small  punctures;  punctuation  of  legs  very  fine  and  minute.  Sheath  long  and 
blade-like,  much  as  in  Figure  20,  but  narrower,  the  dorsal  margin  straight  or 
very  slightly  convex  (Figure  21),  the  ventral  margin  evenly  arcuately 
rounded,  scopa  lacking;  setae  in  an  evenly  graduated  series,  not  very  long 
or  coarse;  cerci  short,  only  about  a  quarter  of  dorsal  length  of  sheath. 

Male. — In  size,  color  and  structure  similar  to  female,  with  the  following 
differences  in  structure:  meso-episternum  slightly  less  roughly  reticulate; 
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hypopygium  very  convex,  long,  apex  with  sides  straight  and  oblique,  pos- 
terior margin  truncate;  procidentia  tent-like,  more  or  less  half  length  of 
eighth  segment,  meson  carinate,  the  top  of  the  ridge  straight  not  concave. 

Neotype. —  9,  Philadelphia,  Pennsylvania,  May  10,  1887.    In  the  col- 
lection of  the  Ilhnois  State  Natural  History  Survey,  Urbana,  111. 

Distribution— 'DELAWARE:  Icf,  Del.  ILLINOIS:  Ic^,  19,  Palos 
Park,  Apr.  24,  1930  (Frison  and  Ross).  INDIANA:  1  9  ,  LaFayette  (F, 
M.Webster).  MAINE:  IcT,  Orono.  MASSACHUSETTS:  5  d^  d',  1  9  . 
Chelsea  Bay,  April  21;  Icf ,  Amherst,  April.  21, 1908.  MINNESOTA:  1  9 
St.  Anthony  Pk.  MISSOURI:  1  9  ,  "Mo."  NEW  JERSEY:  2d^cr,N.  J. 
NEW  YORK:  3c^cf ,  49  9 ,  Ithaca,  Apr.  to  May  12;  19,  Nassau,  May 
16,  1906;  19,  Albany,  Apr.  15,  1910;  Icf,  Staten  Island;  19,  Syracuse, 
Apr.  20,  1924.  PENNSYLVANIA:  3  9  9  ,  Pa.  RHODE  ISLAND:  19, 
Kingston,  Apr.  30,  1905.  BRITISH  COLUMBIA:  Icf,  Vernon,  Apr.  25, 
1919  (N.  W.  Ruhmann).  ONTARIO:  Icf ,  Ottawa,  Apr.  27,  1921  (J.  Mc- 
Dunnough);  Id^,  Ottawa,  May  17,  1914  (A.  E.  Kellett);  Id",  Hastings 
County;  1  9  ,  Sudbury;  1  9  ,  Jordan,  Jly.  12,  1920  (W.  A.  Ross) ;  1  9  ,  Jordan, 
Apr.  5,  1915.  QUEBEC:  1  d' ,  Lake  Opasatika,  Jn.  10, 1921  (H.  S.  Fleming); 
Icf,  Lake  Opasatika,  Jn.  1  (J.  N.  Knull);  1  9,  cottage  Beaulieu,  Jn.  29, 
1904. 

Judging  from  its  distribution,  this  is  the  form  studied  by  Norton  (1867). 
It  is  also  the  one  referred  to  by  MacGillivray  (1916)  as  his  identified  speci- 
mens show.  This  is  the  form  of  sericeus  most  commonly  taken  in  the  eastern 
states.  Its  salient  characters  are:  the  sides  of  the  anterior  lobe  fairly  uni- 
formly reticular-punctate  with  at  most  one  or  two  larger  punctures;  the 
post-tergite  usually  fairly  long,  flattish  and  sub-triangular;  the  pectus  dull, 
densely  shagreened,  the  lateral  areas  only  minutely  punctured,  the  diagonal 
row  not  coarse  or  conspicuously  large;  the  female  with  the  sheath  having 
the  ventral  margin  evenly  rounded,  the  dorsal  margin  straight  or  concave, 
the  tip  arc-shaped,  never  truncate  (Figure  21),  the  sides  shagreened;  the 
male  with  the  procidentia  long  and  ridge-like,  inverted  trough-shaped. 

Dolerus  sericeus  subsp.  parasericeus  MacGillivray. 

Dolerus  parasericeus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  125;  MacGil- 
livray, Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  69;  Frison,  Bull.  111.  Nat.  Hist. 
Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244. 

Dolerus  polysericeus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  125;  MacGil- 
livray, Bull.  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  70;  Frison,  Bull.  111.  Nat.  Hist.  Surv., 
Vol,  XVI,  Art.  IV,  Feb.,  1927,  p.  244.   New  synonymy. 

Female. — Similar  in  size  and  color  to  sericeus  s.  st.  Differs  in  structure 
in  having  six  to  twelve  round,  crater-like  punctures  on  sides  of  anterior 
lobe  conspicuously  larger  than  the  rest;  meso-episternum  with  larger, 
rounder  punctures;  pectus  usually  shining,  sometimes  partly  shagreened, 
the  diagonal  row  distinct,  of  somewhat  scattered,  large  punctures;  post- 
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tergite  variable;  sheath  resembling  the  typical  form,  but  slightly  more  trun- 
cate, with  the  dorsal  margin  always  straight  (Figure  20) ;  saw  as  in  sericeus 
s.  St.  (Figure  46),  without  annuli. 

Male. — Similar  in  structure  to  female.  Procidentia  very  similar  to  seri- 
ceus s.  si.,  but  differs  very  slightly  in  having  the  dorsal  ridge  slightly  de- 
pressed near  the  middle.  It  differs  from  the  typical  form  chiefly  in  the 
lesser  shagreening  of  the  pectus. 

Holotype.—  9  ,  Ithaca,  New  York,  June  17,  1897.  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Allotype.— c^,  Victoria,  British  Columbia,  April  23,  1919  (W.  Downes). 
Deposited  in  the  Canadian  National  Museum,  Ottawa,  Canada.  Present 
designation. 

Distribution.— t^EW  YORK:  Holotype,  Ithaca.  BRITISH  COLUM- 
BIA: Allotype,  Victoria;  19,  Agassiz,  Jn.  15,  1926  (H.  H.  Ross);  29  9, 
Agassiz,  Apr.  26  and  28,  1927  (H.  H.  Ross);  1  9  ,  Agassiz,  May  8,  1927  (H. 
H.  Ross). 

This  form  is  separated  from  sericeus  s.  st.  and  from  subsp.  neosericeus 
by  its  shining  pectus,  and  from  subsp.  centralis  by  the  sheath  in  the  female 
and  the  procidentia  in  the  male. 

Dolerus  sericeus  /subsp.  centralis  new  subspecies 

Female. — Length  9  to  11  mm.  Color  entirely  black,  wings  brownish- 
infuscate. 

Structure  typical  for  the  group.  Head  coarsely  punctate,  postocular 
area  particularly  so;  postocular  area  shorter  than  eye,  seen  from  above, 
narrowed  behind  eye,  with  a  transverse  carina  almost  obscured  by  the 
large  coarse  punctures,  median  portion  shining,  posterior  margin  with  a 
carina;  vertical  furrows  very  wide  and  deep;  postocellar  area  quadrate, 
convex  and  shining,  sparsely  punctured.  Halves  of  anterior  lobe  only  moder- 
ately convex;  sides  rugose,  usually  with  a  few  large  punctures,  but  not  as 
regularly  circular  as  in  subsp.  parasericeus,  but  much  rougher  than  in  the 
typical  sericeus;  disk  and  lateral  lobes  densely,  evenly  punctured;  post- 
tergite  sub-triangular,  shining,  sometimes  faintly  striate;  meso-episternum 
rugose-reticulate,  punctures  uneven;  pectus  lightly  shagreened,  glossy  but 
not  polished,  lateral  areas  and  diagonal  row  comparatively  densely  punc- 
tate. Sheath  narrow  (Figure  19),  dorsal  margin  more  or  less  convex,  espe- 
cially at  apex,  apex  biconvexly  pointed. 

Male. — Similar  in  size,  color  and  structure  to  female.  Procidentia  small, 
round  and  knob-like,  only  one-quarter  length  of  eighth  tergite. 

Holotype.— 9 ,  Urbana,  Illinois,  April  22,  1929  (T.  H.  Frison).  Depos- 
ited in  the  collection  of  the  IlHnois  State  Natural  History  Survey,  Urbana, 
111. 

Allotype.— cp,  Augerville  Woods,  Urbana,  Illinois,  April  21,  1920  (T. 
H.  Frison).    Deposited  with  the  holotype. 
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Paratypes—2  9  9 ,  Augerville  Woods,  Urbana,  111.,  Apr.  29,  1920  (T. 
H.  Prison);  1  9 ,  Urbana,  111.,  sweeping,  Apr.  24,  1924  (T.  H.  Frison);  Icf , 
Cottonwoods,  Urbana,  111.,  Apr.  18,  1918;  1  9  ,  Oakwood,  111.,  May  8,  1920 
(T.  H.  Frison);  19,  Champaign,  111.,  May  3,  1912  (T.  H.  Frison);  19, 
White  Heath,  111.,  Apr.  23,  1917;  3  9  9,  Urbana,  111.,  Apr.  29,  1928  (A.  R. 
Park);  Icf,  Decatur,  111.,  May,  1905,  frequenting  peony  buds  (Taylor) 
(34944);  1  9  ,  Putnam,  111.,  May  5,  1929  (T.  H.  Frison).  Deposited  in  the 
collections  of  Dr.  T.  H.  Frison,  the  Illinois  State  Natural  History  Survey, 
Mr.  A.  R.  Park  and  the  author. 

This  subspecies  has  so  far  been  taken  only  in  Illinois.  It  differs  from 
sericeus  s.  st.  and  from  subsp.  neosericeus  in  the  lighter  shagreening  of  the 
pectus.  The  female  can  be  distinguished  by  the  narrower  and  more  pointed 
sheath,  and  the  male  can  be  separated  from  sericeus  s.  st.  and  subsp.  para- 
sericeus  by  the  round  procidentia  and  from  subsp.  neosericeus  by  the  shining 
pectus  and  smaller  size. 

Dolerus  sericeus  subsp.  neosericeus  MacGillivray 

Dolerus  neosericeus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  125;  MacGil- 
livray, Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  69;  Frison,  BuU.  111.  Nat.  Hist. 
Surv.,  Vol  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 

Dolerus  necosericeus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  13; 
Frison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.  New  synonymy. 

Female. — Length  10.5  to  13  mm.  Color  black,  wings  brownish  infuscate. 

Differs  from  the  typical  sericeus  as  follows:  postocular  area  more  robust 
and  shining;  sides  of  anterior  lobe  with  several  very  large,  round  punctures 
very  conspicuously  larger  than  the  others;  pleurae  with  very  large,  more 
or  less  equal  punctures,  deeply  hollowed  out;  pectus  densely  shagreened, 
markedly  depressed  between  the  pleurae  and  the  diagonal  row,  coarsely 
and  unevenly  punctured,  the  diagonal  row  consisting  of  large,  closely-set 
punctures;  sheath  long  (Figure  18),  somewhat  trunctate  as  in  subsp.  para- 
sericeus,  with  the  dorsal  margin  slightly  convex,  the  sides  shining,  not  sha- 
greened; the  saw  almost  as  in  the  other  forms,  but  with  the  teeth  twice  as 
large  as  those  in  sericeus  s.  st.,  subsp.  parasericeus  or  subsp.  centralis. 

Male. — Similar  in  size,  color  and  structure  to  female.  Procidentia  low, 
rounded  and  knob-like  at  apex,  with  a  low,  carinate  extension  at  base. 

Holotype. —  9 ,  Ithaca,  New  York,  In  the  MacGillivray  Collection, 
University  of  Illinois,  Urbana,  111. 

Allotype. —  cf ,  Mt.  Washington,  Massachusetts,  Deposited  with  the 
holotype.    Present  designation. 

Distribution. — MAINE:  19,  Orono,  Jly.  3,  1913.  (Type  of  necoseri- 
ceus). MASSACHUSETTS:  Icf ,  Mt.  Washington;  1  9  ,  Green  Lodge,  Jn. 
17,  1905;  1  9  ,  Lexington,  May.  MICHIGAN:  1  9  ,  South  Haven,  Jn.  1, 
1891.    NEW  HAMPSHIRE:  3  9  9,  Jefferson,  Jn.  14,  1895;  19,  Fran- 
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conia.  NEW  YORK:  Icf ,  1  9  ,  Utica;  1  9  ,  Caatskill  Mts.,  Jn.  25,  1904. 
WISCONSIN:  19,  Cranmoor,  Jn.  6,  1910  (C.  W.  Hooker).  NEW 
BRUNSWICK:  3  9  9,  Bathurst,  Jly.6.  ONTARIO:  1  9  ,  Bondville,  Jn. 
26,  1913  (W.  A.  Ross). 

This  subspecies  is  the  largest  and  most  coarsely  punctured  in  the  group. 
It  is  easily  recognized  in  both  sexes  by  the  combination  of  the  large  punc- 
tures on  the  anterior  lobe  and  pleurae  and  the  densely  shagreened  pectus 
with  the  heavy  diagonal  row. 

BICOLOR  GROUP 

Size  and  color  various;  mesopleurae  usually  finely,  always  evenly,  punc- 
tate; pectus  sparsely  punctate,  shining  or  shagreened;  posterior  tibiae  not 
grooved  on  outer  side,  at  most  grooved  very  slightly  on  inner;  sheath  with 
a  distinct  scopa  or  thickened,  truncate  caudal  margin  (except  in  nortoni), 
the  scopa  being  more  definite  in  the  species  in  which  it  is  narrow,  the  edge 
often  becoming  rounded  when  it  is  wide,  giving  the  sheath  the  appearance 
of  a  barrel;  male  genitalia  short  and  wide  (Figure  67) ;  praeputium  markedly 
transversely  concave  in  most  specimens,  but  sometimes  scarcely  concave 
at  all;  gonocardo  wider  than  in  sericeus  or  unicolor,  distinctly  clavate 
laterally;  pedes  various. 

Dolerus  versa    Norton 

Dolerus  versa  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  239;  Dalla  Torre,  Cat.  Hymen., 
Vol.  I,  1894,  p.  19;  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  74; 
Cresson,  Mem.  Amer.  Ent.  Soc,  No.  5,  1928,  p.  10. 

Female. — Length  11  to  12  mm.  Color:  head  black;  thorax  black  with 
the  prothorax,  tegulae,  lateral  lobes,  upper  and  upper  caudal  portion  of 
meso-episternum,  dorsal  sclerite  of  meso-epimeron,  more  or  less  of  the  ven- 
tral portion  of  the  meso-epimeron,  the  metapleurae  entirely  or  partly,  and 
the  basal  plates,  rufous;  lateral  margins  of  anterior  lobe  also  sometimes 
rufous;  abdomen  rufous,  except  cerci  sometimes,  sheath  and  external  basal 
portion  of  the  gonapophyses,  which  are  black.  Wings  uniformly  deeply 
infuscate  with  brownish-violaceous,  slightly  deeper  towards  base. 

Head  quadrate  seen  from  above,  eyes  prominent;  corners  square,  pos- 
terior margin  uniformly  arcuately  emarginate;  length  of  postocular  area 
subequal  to  length  of  eye,  seen  from  above,  with  an  indistinct  carina  on 
posterior  margin  visible  only  near  mesal  portion,  and  with  a  low,  rounded 
transverse  ridge  across  the  dorsum;  vertical  furrows  very  deep  and  pit- 
like, separated  by  a  thick  wall  from  posterior  margin  of  head;  postocellar 
area  subquadrate,  raised  slightly;  lateral  ocelli  equidistant  from  each  other 
and  posterior  margin  of  head;  vertex  shining,  with  large,  sparse  punctures; 
front  and  lower  parts  of  head  quite  finely,  reticulately  punctate;  third  seg- 
ment of  antennae  only  slightly  longer  than  fourth,  remainder  diminishing 
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very  gradually.  Mesonotum  shining;  anterior  lobe  uniformly  convex,  disk 
with  shallow,  fairly  sparse  punctures,  sides  with  large,  sparse  punctures 
with  rounded,  polished  sides;  lateral  lobes  with  sparse,  shining  punctures; 
post-tergite  shallowly  U-shaped,  densely  striate,  opaque,  with  a  sharp  me- 
dian carina  ending  before  the  apex,  which  is  almost  truncate;  meso-epis- 
ternum  very  coarsely,  but  evenly,  punctate,  the  bottom  of  the  punctures 
shining;  pectus  faintly  shagreened,  very  sparsely  punctate  except  for  a 
diagonal  row  of  denser  punctures.  Sheath  as  in  Figure  25,  triangular, 
blade-like  and  pointed,  with  a  very  narrow,  distinct  scopa;  the  longer  setae 
pointing  almost  directly  laterad;  cerci  attaining  almost  tip  of  sheath;  saw 
simple,  annuli  distinct,  lones  plainly  toothed,  very  rudimentary  spurettes 
present  on  apical  portion  (Figure  48). 

Male. — Length  9  to  10  mm.  Color  and  structure  identical  with  female. 
Ninth  tergite  scarcely  visible,  hypopygium  short,  apical  lateral  margins 
slightly  concave,  posterior  margin  sub-truncate. 

Lectotype. —  9  ,  Massachusetts.  In  the  collection  of  the  Philadelphia 
Academy  of  Natural  Sciences,  Philadelphia,  Pa.    (Cresson,  1928). 

DistrihiUion.—MKRYl.h.'^T):  Ic^,  Prince  George  County,  Jn.  28;  1  9  , 
Prince  George  County,  Apr.,  1896.  MISSOURI:  Id',  St.  Louis,  1877;  1  9  , 
Mo.  NEW  JERSEY:  IcT,  Lakehurst,  April  30,  1916;  Icf ,  N.  J.  NEW 
YORK:  19,  New  York  City.  OHIO:  19,  Columbus,  Apr.  21,  1920  (A. 
E.  Miller) ;  4  9  9  ,  Hocking  County,  May  (C.  H.  Kennedy) ;  1  9 ,  Jacko 
County,  May,  1926.  PENNSYLVANIA:  13d^d^,  Highspire,  Jn.  17,  1909 
(W.  S.  Fisher);  19,  Delaware  County,  Apr.  22,  1894  (C.  W.  Johnson). 
DISTRICT  OF  COLUMBIA:  1  9 ,  D.  C,  May  5.  VIRGINIA:  \&, 
Vienna,  May  9,  1911;  3  9  9  ,  Falls  Church,  Apr.  25. 

This  large  species  may  be  confused  with  piercei,  but  can  be  readily 
separated  by  the  darker  wings  and  coarser  punctuation  of  the  anterior  lobe. 

Dolerus  piercei  Rohwer 
Dolerus  Piercei  Rohwer,  Can.  Ent.,  Vol.  XLI,  No.  1,  Jan.,  1909,  p.  10. 

Female. — Length  8  to  9.5  mm.  Head  black;  thorax  rufous  with  median 
half  of  anterior  lobe,  lateral  lobes  sometimes,  scutellum  and  post-tergite, 
metanotum  except  basal  plates,  pectus  and  lower  portion  of  meso-epister- 
num,  and  legs,  black;  abdomen  rufous  wth  sheath  and  cerci  black.  Wings 
uniformly  light  tawny  infuscate. 

Structure  differing  from  versa  only  in  the  smaller  punctures  on  the  head 
and  thorax,  and  in  the  slightly  more  rounded  corners  of  the  head.  Punctua- 
tion of  head  almost  uniform;  punctures  of  postocular  area  little  larger  than 
those  of  front,  but  sparser;  transverse  ridge  lacking.  Anterior  lobe  opaque 
with  punctures,  those  on  disk  minute  and  dense,  those  on  sides  rough  and 
dense;  pleurae  finely  and  evenly  punctate;  pectus  shining,  finely  punctate. 
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Sheath  similar  to  versa;  saw  (Figure  61)  similar  in  outline,  but  differing 
in  having  small,  peg-like  spurettes  and  alar  spurs. 

Male. — Unknown, 

Type  — 9,  Lincoln,  Nebraska,  April  19,  1902,  "Immodelle"  (W.  D. 
Pierce).    In  the  collection  of  the  University  of  Nebraska  Lincoln,  Nebr. 

Distribuiion.—KA'^SAS:  1  9  ,  Douglas  Co.,  Apr.,  1923  (R.  H.  Beamer). 
NEW  JERSEY:  1  9  ,  South  Seaville,  May  25,  1923  (J.  C.  Bradley). 

This  rare  species  may  be  distinguished  from  versa  by  the  finer  punctua- 
tion of  the  anterior  lobe  and  meso-episternum.  The  specimens  with  the 
lateral  lobes  rufous  may  be  distinguished  from  clypealis,  collaris,  etc.,  by 
the  black  mark  on  the  anterior  lobe;  the  specimens  with  the  lateral  lobes 
black  can  be  distinguished  from  clypealis,  collaris,  etc.,  by  the  triangular 
saw  with  the  small,  peg-like  alar  spurs  and  spurettes. 

Dolerus  clypealis  new  species 

Female. — Length  7.5  to  9.5  mm.  Head  black,  with  the  clypeus  entirely 
or  with  the  apical  half  rufous;  thorax  rufous  with  the  metanotum,  except 
basal  plates,  pectus  and  legs  except  front  knees,  rufous;  sometimes  with  a 
black  spot  on  lateral  lobes  or  with  scutum  black;  abdomen  rufous  with 
sheath  black.   Wings  almost  hyaline,  with  a  very  slight  yellowish  staining. 

Head  uniformly,  finely  punctate,  except  ridge  of  postocular  area  which 
is  partly  impunctate  and  shagreened;  postocular  area  robust,  corners 
rounded,  seen  from  above  slightly  longer  than  eye,  possessing  a  low,  trans- 
verse ridge,  posterior  margin  not  carinate;  posterior  margin  of  head  shal- 
lowly  evenly  emarginate;  vertical  furrows  elongate  pit-like,  reduced  to  a 
line  at  posterior  margin;  postocellar  area  one  and  one-half  times  as  wide 
as  long,  slightly  raised  above  level  of  postocular  area;  median  and  ocellar 
foveae  obsolete;  third  segment  of  antennae  slightly  but  distinctly  constricted 
just  above  base,  ventral  side  arcuate,  fourth  segment  narrower  at  base, 
gradually  widening  towards  apex,  a  fourth  shorter  than  third,  the  remaining 
segments  scarcely  diminishing  in  length.  Halves  of  anterior  lobe  uniformly 
convex,  disk  shining,  moderately  densely  and  finely  punctate,  lateral  areas 
opaque  with  slightly  coarser  and  much  denser  punctures;  lateral  lobes 
shining,  sparsely  punctured;  post-tergite  subtriangular,  finely  striate,  ap- 
pearing shining  when  rufous,  mesally  carinate,  posterior  margin  angulate, 
extreme  tip  rounded;  pleurae  finely  reticulately  punctate,  dull,  pectus 
shining,  with  many  fine  punctures;  tarsal  claws  with  a  small  triangular 
tooth.  Sheath  as  in  Figure  25,  thin  and  triangular,  apex  pointed,  the  longer 
setae  very  divergent;  scopa  narrowly  ellipsoidal,  as  in  versa;  cerci  attain- 
ing apex  of  sheath;  saw  subtriangular  (Figure  49);  lance  with  about  10 
segments,  the  dorsal  margin  at  apex  scalloped  or  broadly  serrate;  lancet  with 
about  11  segments,  ventral  margin  concave,  the  lobes  coarse  and  prom- 
inent, annuli  distinct,  with  rudimentary  spurettes,  rudimentary  alar 
spurs  sometimes  also  present;  annuli  without  spines. 
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Male. — Not  recognized.  Most  likely  similar  to  and  difficult  to  separate 
from  that  of  collaris,  etc. 

Holotype.—  9  ,  Gull  Lake,  Alberta,  Canada,  June  25,  1929  (E.  H.  Strick- 
land). In  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111. 

P araty pes. —Mon.  COLORADO:  29  9,  Garland;  19,  Westcliff. 
MONTANA:  5  9  9,  UTAH:  1  9  ,  Park  City,  June  18.  ALBERTA:  499, 
Gull  Lake,  June  8-28,  1929  (E.  H.  Strickland) ;  1  9  ,  Chin,  May  30,  1923 
(Walter  Carter).  NORTHWEST  TERR.:  19,  McLeod,  June  30,  1902. 
In  the  collections  of  the  University  of  Alberta,  the  Academy  of  Natural 
Sciences  of  Philadelphia,  the  U.  S.  National  Museum,  the  Canadian  Na- 
tional Museum,  the  Illinois  State  Natural  History  Survey,  and  the  author. 

This  species  is  the  only  one  of  its  general  color  known  to  have  a  rufous 
clypeus.  In  the  final  analysis,  however,  the  saw  is  the  distinguishing  char- 
acter. It  is  most  apt  to  be  confused  with  collaris  icterus,  many  specimens 
of  which  it  resembles  in  the  shape  of  the  sheath,  but  it  is  easily  separated 
from  it  and  other  members  of  the  bicolor  group  by  the  saw,  and  from  the 
darker  winged  forms  by  the  light  wings. 

Dolerus  clypealis  var.  nigrilahris  new  variety 

Female. — Structurally  identical  with  the  typical  form  of  clypealis, 
differing  in  color  in  having  the  clypeus  black,  and  both  the  anterior  part 
of  the  lateral  lobes  and  the  mesoscutum  black. 

Holotype.—  9  ,  Waterton  Lakes,  Alberta,  Canada,  July  12,  1923  (J. 
McDunnough).  Deposited  in  the  Canadian  National  Museum,  Ottawa, 
Can. 

Paratypes.—2  9  9  ,  Cheboygan,  Cheboygan  County,  Michigan,  May  23, 
1923  (S.  Moore).  In  the  collections  of  the  University  of  Michigan  and  the 
Illinois  State  Natural  History  Survey. 

Distinguished  from  collaris,  piercei,  neoagcistus,  etc.,  by  its  narrow, 
pointed  sheath  and  the  saw. 

Dolerus  nortoni  new  species 

Female. —Size  small,  length  7  mm.  Head  black;  rest  of  body  mostly 
yellow-rufous,  except  the  following  parts  which  are  black:  mesonotum 
except  anterior  lobe,  usually  anterior  half  of  lateral  lobes,  posterior  portion 
of  lateral  lobes  and  metanotum  except  basal  plates,  pectus  and  ventral 
portion  of  meso-episternum,  legs  and  sheath.  Tegulae  pale.  Wings  uni- 
formly clouded  with  deep  brownish-black.  Some  specimens  have  the  tip 
of  the  last  tergum  and  the  posterior  margin  of  the  abdominal  segments 
lightly  washed  with  black. 

Head  reticular-rugose;  eyes  prominent;  postocular  area  contracted 
behind  eye,  subequal  to  length  of  eye  seen  from  above,  with  a  transverse 
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diagonal  ridge,  lateral  margin  without  a  carina;  posterior  margin  of  head 
circularly  emarginate;  vertical  furrows  deep  and  wedge-shaped,  reaching 
two-thirds  of  distance  to  posterior  margin;  ocelli  slightly  closer  to  posterior 
margin  than  to  each  other,  sometimes  equidistant;  postocellar  area  twice 
as  wide  as  long,  not  raised  above  postocular  area;  third  segment  of  antennae 
subequal  to  or  only  very  slightly  longer  than  fourth,  the  remainder  gradu- 
ally diminishing  in  length;  the  third  segment  only  slightly  constricted 
above  base,  the  fourth  almost  columnar.  Mesonotum  shagreened,  dull; 
anterior  lobe  flatly  convex,  disk  punctured  fairly  strongly,  sides  quite 
roughly;  lateral  lobes  finely  punctuate  in  centre,  sparsely  with  larger  punc- 
tures on  meson;  post-tergite  obtusely  triangular,  sharply  striate,  with  a 
ridge-like  median  carina;  meso-episternum  reticulate  with  large,  uniform 
punctures;  pectus  densely  shagreened,  extremely  sparsely  punctate;  tarsal 
claws  with  a  very  small  tooth.  Sheath  (Figure  26)  not  forming  a  distinct 
scopa,  the  ventral  margin  pod-like,  narrowly  pointed,  dorsal  margin  straight, 
lower  margin  curved  with  a  suggestion  of  a  shoulder;  five  or  six  setae  on 
each  side  very  much  longer  than  the  rest,  the  setae  not  directed  strongly 
laterad;  cerci  attaining  about  half  of  dorsal  length  of  sheath;  saw  (Figure 
51)  similar  in  shape  to  that  of  collaris  (Figure  50);  alae  very  narrow,  alar 
spur  small,  situated  midway  on  annulus;  ventral  spines  pronounced,  nearly 
as  long  as  spur;  spurette  small  and  finger-like,  not  coalescing  with  ventral 
margin;  lobes  fourteen  in  number,  each  with  two  to  three  teeth,  the  first 
one  or  two  straight,  the  last  one  remote,  finger-like  and  curved  basad; 
lance  with  about  fourteen  annuli,  the  segments  scalloped  towards  tip. 

Male. — Length  6.5  mm.  Color  entirely  black.  Wings  evenly  gray 
infuscate. 

Structure  similar  to  female.  Punctuation  throughout  slightly  finer. 
Antennae  slightly  bi-laterally  compressed,  more  hairy  ("prickly")  than 
in  collaris;  hypopygium  with  more  converging  sides  than  collaris,  much  as 
in  versa,  with  the  posterior  margin  slightly  rounded.  Genitalia  as  for 
group. 

Holotype. —  9,  Muncie,  Illinois,  April  3,  1916.  Deposited  in  the  col- 
lection of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Allotype. — cf,  Urbana,  Cottonwoods,  Illinois,  April  6,  1915  (T.  H. 
Frison).    Deposited  with  the  holotype. 

Per a/y^e5.— ILLINOIS:  lOd'd",  12  9  9  ,  Urbana,  Apr.  3  to  6,  1915 
(T.  H.  Frison);  4c:?cf,  69  9,  Normal,  Aug.  18,  1879  (23);  19,  Urbana, 
Apr.  23,  1928  (H.  H.  Ross);  1  9  ,  Urbana,  Apr.  16,  1914;  1  9  ,  Urbana,  Apr. 
16,  1914,  feeding  on  sap  of  maples;  2  9  9,  Muncie,  Apr.  3,  1916;  1  9  , 
Little  Wabash  R.,  Carmi,  Apr.  15,  1914;  Ic^,  4  9  9  ,  Urbana,  Apr.  4,  1908. 
MARYLAND:  19,  Plummer's  Id.,  April  7,  1915  (R.  C.  Shannon) 
MASSACHUSETTS:  1  9  ,  Wollaston,  July,  1895  (Sprague).  MICHIGAN: 
4cfcf,  5  9  9,  Ann  Arbor,  Apr.  3,  1921  (T.  H.   HubbeU);  19,  Oakland 
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County,  Apr.  23,  1922  (S.  Moore);  1  9 ,  Ann  Arbor,  May  6,  1893.  NEW 
YORK:  69  9,  Ithaca,  Apr.  12  to  26,  1890  to  1913;  19,  Ithaca.  ON- 
TARIO: 19,  Ottawa,  Apr.  28,  1900.  Deposited  in  a  large  number  of 
collections. 

Easily  separated  from  most  specimens  of  other  species  of  the  same  color 
by  its  small  size  and  the  absence  of  a  scopa.  In  some  cases,  however, 
specimens  of  nortoni  possess  a  suggestion  of  a  scopa,  in  which  case  it  is 
necessary  to  exsert  the  saw,  which  is  distinctly  characterized  by  the  finger- 
like  teeth  of  the  ventral  lobes. 

Dolerus  nortoni  var.  nigritella  new  variety 

Female. — Size  7  mm.  Head  black,  thorax  black  with  the  prothorax, 
anterior  lobe  and  tegulae  rufous,  abdomen  black.  Wings  brownish-black 
as  in  the  typical  form.     Structurally  identical  with  the  typical  nortoni. 

Holotype. —  9  ,  Ithaca,  New  York,  April  28,  1897.  In  the  collection  of 
Cornell  University,  Ithaca,  N.  Y. 

Known  only  from  the  type.  Distinguished  from  collaris  and  bicolor 
lesticiis,  with  which  it  might  be  confused,  by  its  small  size,  lack  of  a  scopa 
at  the  apex  of  the  sheath,  and  the  finger-like  projections  on  the  ventral 
lobes  of  the  saw. 

Dolerus  collaris  Say 

Dolerus  collaris  Say,  West.  Quart.  Rep.  Cincinnati,  Vol.  II,  1823,  p.  720;  Leconte,  Writ. 
Thomas  Say  Entom.,  Vol.  II,  1859,  p.  163;  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII, 
1861,  p.  152;  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  236;  Provancher,  Nat.  Canad., 
Vol.  X,  1878,  p.  71;  Provancher,  Faun.  Ent.  Can.,  Hymen.,  1883,  p.  197;  Riley  and  Marlatt, 
Insect  Life,  Vol.  IV,  1891,  p.  173;  Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  4;  MacGillivray, 
Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  73. 

Female. — Length  7  to  10  mm.  Color  entirely  black,  with  the  prothorax, 
tegulae,  anterior  lobe,  and  paraptera,  rufous.  Wings  uniformly  light  brown 
infuscate. 

Structure,  except  genitalia,  almost  identical  with  clypealis,  with  the 
following  differences,  due  in  most  cases  to  individual  variation:  postocular 
area  either  rotund  or  shrunken  behind  eye;  mesonotum  either  not  at  all, 
slightly  or  almost  entirely  dull  and  shagreened;  pectus  densely  or  lightly 
shagreened;  tarsal  claws  with  a  small  tooth,  similar  to  clypealis. 

Sheath  as  in  Figures  27  and  28;  wide,  but  not  very  thick,  scopa  wider 
than  in  clypealis,  the  ventro-caudal  margin  more  convex;  the  series  of 
long  setae  very  numerous,  projecting  almost  directly  caudad;  cerci  almost 
attaining  tip  of  sheath.  Saw  ovate-ellipsoid;  lance  with  about  18  segments, 
dorsal  margin  only  finely  serrate;  lancet  with  about  16  segments,  ventral 
margin  convex,  lobes  not  so  notch-like  as  in  clypealis,  annuli  distinct,  with 
short,  sparse  spines,  spurettes  small  but  distinct;  no  other  lateral  armature. 
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Male. — Length  6  to  7  mm.  Color  entirely  black.  Wings  uniform  light 
brown  infuscate. 

Punctuation  of  head  as  in  female;  postocular  area  subequal  to  or  slightly 
longer  than  eye,  seen  from  above,  with  a  pronounced  transverse  ridge; 
third  antennal  segment  a  very  little  longer  than  fourth,  fourth  and  fifth 
subequal,  the  remainder  subequal  but  shorter  than  fourth,  these  propor- 
tions subject  to  slight  variation;  flagellum  columnar,  slightly  bi-laterally 
compressed,  especially  at  base.  Halves  of  anterior  lobe  very  convex,  sub- 
globose;  punctuation  of  mesonotum  as  in  female;  pleurae  finely,  granularly 
punctate,  pectus  almost  impunctate,  entirely  or  mostly  shagreened. 
Sternites  three  to  six  usually  four  times  wider  than  long,  taking  curved 
width;  ninth  tergite  minute,  merely  a  narrow  disk  visible;  hypopygium 
short,  sides  of  apex  almost  straight,  converging,  apex  truncate.  Genitalia 
as  for  group. 

Typic  locality. — Missouri. 

Neotype. —  9,  Ames,  Iowa,  April  21,  1896.  Deposited  in  the  collection 
of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Allotype. — 6^,  Sherman,  Illinois,  April  3,  1930  (Prison  and  Ross). 
Taken  in  copulation  with  female.  Deposited  with  neotype. 

Distribution.— COLORADO:  19,  Westcliff;  19,  Ft.  Collins,  Oct., 
1900;  1  9  ,  Col.  CONNECTICUT:  1  9  ,  Hartford;  1  9  ,  Conn.  IOWA: 
2  9  9,  Ames,  April;  Icf ,  2  9  9  ,  Ames,  Apr.  and  May,  1926  (G.  Hendrick- 
son).  MAINE:  39  9,  Orono,  April  and  May.  MASSACHUSETTS: 
1  9  ,  Wellesley,  April;  1  9  ,  Mass.,  1  9  ,  Amherst,  May  6,  1918.  ILLINOIS: 
19,  Mahomet,  Apr.  3,  1929  (Prison  and  Park);  19,  Normal,  Apr.  18, 
1879;  many  cf  cT,  9  9,  Sherman,  Apr.  3,  3  9  9  ,  Seymour,  Apr.  10  and 
19,  Palos  Park,  Apr.  24,  1930  (Prison  and  Ross).  MICHIGAN:  49  9, 
Washtenaw  County,  April,  1919  to  1921  (T.  H.  Hubbell).  MINNESOTA: 
19,  Pt.  Snelling,  Jn.  6,  1922,  flood  plain  woods  (A.  A.  Nichol).  MON- 
TANA: 9cfcf,149  9,Mon.  NEBRASKA:  99  9  ,  Lincoln,  Holt  County 
and  West  Point,  April  (Bruner,  Dawson  and  Gabie).  NEW  JERSEY: 
1  9 ,  Manumuskin,  May  2,  1909.  NEW  YORK:  1  9 ,  Karner,  Apr.  13, 
1903;  Clinton  Hts.,  Apr.  9, 1903;  1  9  ,  Ithaca,  Apr.  18, 1896  (On  Equisetum) 

1  9  ,  Pulton,  1  9  ,  Ithaca,  Apr.  26,  1896.  PENNSYLVANIA:  1  9  ,  Phila- 
delphia, Apr.  14, 1897;  1  9  ,  Castle  Rock,  Apr.  16,  1911.  SOUTH  DAKOTA: 

2  9  9,  S.  D.  ALBERTA:  29  9,  Edmonton,  Apr.  2,  1924  (O.  Bryant). 
MANITOBA:  3crcf,  3  9  9,  Birtle,  Apr.  24  to  May  11  (R.  D.  Bird); 
3cf  cf,  2  9  9  ,  Aweme,  Apr.  24  to  May  7  (E.  and  N.  Criddle) ;  1  9  ,  Winne- 
peg,  Apr.  30,  1915  (J.  B.  Wallis).    SASKATCHEWAN:  59  9,  Oxbow. 

This  species  is  easily  confused  with  bicolor  lesticus  from  which  it  can 
usually  be  separated  by  the  narrowed  scopa  of  the  sheath.  The  only  safe 
criterion,  however,  is  the  shape  of  the  saw. 
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The  female  varies  in  color  from  being  entirely  black  to  the  extreme 
yellowish-rufous  condition  described  in  collaris  icterus.  The  genitalia  of 
the  females  remain  constant  throughout  the  series,  and  the  males  ap- 
parently are  always  black.  From  this  series  only  four  phases  have  been 
given  varietal  names.  It  would  be  possible  to  assign  many  more  to  inter- 
mediate stages  between  them  but  it  seems  too  hair-splitting  to  do  so.  These 
remarks  are  also  true  of  bicolor. 

Some  authors  have  considered  a  British  species  described  by  Donovan 
(1808)  as  Tenthredo  collaris  to  belong  to  the  genus  Dolerus.  Stephens 
(1829),  Dalla  Torre  (1894)  and  Konow  (1905)  all  express  this  view.  If 
this  were  true.  Say's  name  collaris  would  be  preoccupied,  and  a  new  name 
for  it  would  have  to  be  chosen.  An  examination  of  the  original  description 
of  Tenthredo  collaris  Donovan  shows  that  it  possesses  three  closed  sub- 
marginal  cells,  which  excludes  it  from  Dolerus.  A  careful  comparison 
suggests  very  strongly  that  Donovan's  species  is  Mesoneura  opaca  (Fabri- 
cius),  with  which  it  agrees  in  wing  venation  and  color,  and  which  syn- 
onymy Donovan  himself  suggests  in  the  original  description  of  collaris. 
This  treatment  allows  Say's  collaris  to  stand  undisputed  in  the  genus 
Dolerus. 

Dolerus  collaris  var.  erebus  new  variety 

Female. — Structurally  similar  to  the  typical  collaris.  Differs  in  color 
in  being  entirely  black,  or  with  only  faint  spots  of  reddish  on  the  median 
or  ventro-lateral  portions  of  the  collar. 

Holotype. —  9,  Sherman,  Illinois,  April  3,  1930  (Frison  and  Ross). 
In  the  collection  of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Paratypes.— ILLINOIS:  19,  Algonquin,  Apr.  26,  1894;  19,  Leroy, 
Apr.  3,  1907  (Kelly)  (38589);  19,  Leroy,  May  27,  1907  (Kelly)  (38556); 
19,  Havana,  sand  ridges,  Jn.  17,  1894  (Hart)  (20212);  49  9,  Rantoul, 
Mar.  23,  1930  (H.  H.  Ross);  and  109  9,  Seymour,  549  9,  Lincoln  and 
230  9  9  ,  Sherman,  all  collected  on  Apr.  3,  1930  by  Frison  and  Ross.  IOWA: 
1  9  ,  Ames,  Apr.  26,  1926  (G.  Hendrickson).  MINNESOTA:  1  9  ,  Ft.  Snel- 
ling,  Apr.  20,  1922  (A.  A.  Nichol)  NEBRASKA:  1  9  ,  West  Point,  Apr.  18  (L. 
Bruner).  SOUTH  DAKOTA:  1  9  .  In  the  collections  of  the  Illinois  State 
Natural  History  Survey,  the  University  of  Minnesota,  the  University  of 
Nebraska,  the  South  Dakota  State  College,  and  the  author. 

Distinguished  from  bicolor,  nigrita  and  idahoensis  by  the  shape  of  the 
saw  and  its  lack  of  lateral  armature. 

Dolerus  collaris  var.  maculicollis  (Norton) 

Dosytheus  maculicollis  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  153. 
Dolerus  maculicollis  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  238;  Cresson,  Mem. 
Amer.  Ent.  Soc,  No.  5,  1928,  p.  7. 
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Female. — Similar  in  size  and  structure  to  the  typical  form.  Differs  in 
color  as  follows:  head  black,  thorax  rufous  with  lateral  lobes  (except  a 
posterior  rufous  spot),  metanotum,  including  more  or  less  of  basal  plates, 
pectus,  more  or  less  of  lower  portions  of  pleurae,  and  legs,  black.  Ab- 
domen with  venter  black,  and  sides  and  most  of  tergum  rufous.  Wings 
brown  infuscate. 

Eolotype. —  9  ,  Brooklyn,  New  York.  In  the  collection  of  the  Phila- 
delphia Academy  of  Natural  Sciences,  Philadelphia,  Pa. 

Distribution.— C01.0^XT)0:  29  9,  Col.  MONTANA:  33  9  9  , 
Mon.  WISCONSIN:  19,  Cranmoor,  Apr.  19,  1908.  ALBERTA:  19, 
Calgary,  Apr.  21,  1912  (N.  Criddle).  MANITOBA:  19,  Aweme,  May 
10,  1912  (N.  Criddle);  1  9 ,  Birtle,  May  15,  1928  (R.  D.  Bird).  QUEBEC: 
19,  Opasatika,  Jn.  1  (J.  N.  Knull).  SASKATCHEWAN:  19,  Ogema, 
Jn.  16,  1916  (N.  Criddle);  39  9,  Oxbow,  Jn.  11,  1907  (F.  K.  Knab). 

Dolerus  collaris  var.  icterus  MacGillivray 

Dolerus  icterus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  127;  MacGillivray, 
Bull.  22,  Conn.  Geol.  Xat.  Hist.  Surv.,  1916,  p.  71;  Prison,  Bull.  111.  Nat.  Hist.  Surv., 
Vol.  X\^I,  .\rt.  IV,  Feb.,  1927,  p.  241. 

Female. — Similar  in  size  and  structure  to  the  typical  form,  differing  as 
follows:  head  black;  thorax  rufous  with  lateral  lobes,  pectus  and  legs 
black;  abdomen  entirely  rufous  except  sheath,  which  is  black.  Wings  brown 
infuscate. 

Eolotype.—  9  ,  Saranac  Inn.,  New  York,  June  26,  1900  (J.  G.  Need- 
ham).    In  the  MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution.— COLORADO:  19 ,  Col.  KANSAS:  19,  Douglas 
County  (Beamer).  MASSACHUSETTS:  19,  Amherst,  May  21,  1904. 
MINNESOTA:  1 9,  Hennepin  County,  June;  19,  Ramsey  County, 
May  9,  1920;  19,  Newport,  May  12,  1922  (C.  E.  Mickel);  19,  Fort 
Snelling,  Apr.  29,  1922,  in  low  prarie  grass  (A.  A.  Nichol).  NEBRASKA: 
19,  Holt  County,  69  9,  Lincoln,  Apr.  11,  1908  (Gable  and  Dawson). 
NEW  JERSEY:  1  9  ,  Ramsey,  May  4,  1917.  NEW  YORK:  1  9  ,  Nassau, 
May  3,  1914;  1  9  ,  Ithaca,  x\pr.  16,  1897.  WISCONSIN:  1  9  ,  Cranmoor, 
Jn.  15.  1908  (C.  B.  Hardenberg).  BRITISH  COLUMBIA:  19,  Prince 
Rupert,  Apr.  23,  1923  (W.  B.  Anderson).  ONTARIO:  1  9  ,  Ottawa,  May 
5,  1923  (C.  H.  Curran).  QUEBEC:  1  9  ,  Levis  (T.  W.  Fyles);  1  9  ,  Brome 
County,  Jly.  25,  1916  (A.  F.  Winn).  SASKATCHEWAN:  4  9  9 ,  Oxbow, 
Jn.  17,  1907  (F.  K.  Knab). 

These  last  two  color  phases  are  most  likely  to  be  confused  with  cly pedis 
nigrilabris  and  bicolor,  from  which  they  may  be  told  by  the  regular  and 
simple  condition  of  the  saw. 

Dolerus  neoagcistus  MacGillivray 
Dolerus  neoagcistus  MacGillivray,  Bull.  Brookl>Ti  Ent.  Soc,  Vol.  XVIII,  No.  2,  April,  1923, 
p.  55;  Prison,  Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  J\,  Peb.,  1927,  p.  242. 
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Dolerus  neostugnus  MacGillivray,  Bull.  Brooklyn  Ent.  Soc,  Vol.  XVIII,  No.  2,  April,  1923, 
p.  55;  Frison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.  Nezv 
synonymy. 

Female. — Length  6  to  9  mm.  Head  black;  remainder  of  body  rufous 
except  the  following  parts  which  are  black:  lateral  lobes,  meso-scutum, 
metanotum  except  basal  plates,  pectus,  legs  and  sheath.  Wings  uniformly- 
brown  infuscate. 

Structure,  except  genitalia,  almost  identical  with  collaris,  with  the 
following  slight  differences:  head  always  narrower  behind  eyes;  posto- 
cellar  area  slightly  raised  above  level  of  postocular  area,  very  slightly 
wider  than  in  collaris;  anterior  lobe  flatter,  not  so  strongly  convex;  tooth 
of  tarsal  claws  small. 

Sheath  (Figure  30)  with  a  wide,  diamond-shaped  scopa,  very  truncate, 
margins  sharply  defined,  oblique  from  lateral  view;  cerci  attaining  tip 
of  sheath.  Saw  as  in  Figure  52,  lance  similar  to  Figure  55;  lancet  with 
distinct  alae  and  alar  spurs,  small  in  size,  situated  distant  from  ventral 
margin;  spurettes  well  developed,  separate  only  on  the  four  or  five  apical 
segments,  then  gradually  fusing  with  the  lobes,  appearing  at  the  base  as 
another  tooth  of  the  lobe;  lobes  with  from  two  to  five  teeth. 

Male. — Not  yet  definitely  associated,  but  undoubtedly  a  totally  black 
form  inseparable  as  yet  from  the  male  of  collaris,  bicolor,  etc. 

Eolotype.—  9  ,  Southfields,  New  York,  May  3,  1914  (F.  M.  Schott). 
In  the  MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution. — Specimens  have  been  examined  from  the  following 
localities:  CONNECTICUT:  Hartford.  D.  C:  Washington.  ''Del." 
"Ga."  ILLINOIS:  Urbana,  Dubois,  Normal,  Danville,  Mahomet,  Cham- 
paign, Centralia,  Clinton,  Leroy,  Bloomington,  Chebanse  and  Thomas- 
boro.  INDIANA:  Lafayette.  KANSAS:  Douglas  County  and  Lawrence. 
MAINE:  Orono.  MASSACHUSETTS:  Cab.  John  Br.,  West  Spring- 
field, Arlington  and  Taunton.  MICHIGAN:  Livingston  County.  "Min." 
MISSISSIPPI:  Ag.  Coll.  MISSOURI:  St.  Louis  and  Mexico.  NE- 
BRASKA: Lincoln.  NEW  JERSEY:  Westville.  NEW  YORK:  Van 
Cortlandt,  New  York  City,  Ithaca,  Poughkeepsie,  Staten  Island,  Albany, 
Normanskill  and  Sea  Cliff.  OHIO:  Columbus.  PENNSYLVANIA: 
Castle  Rock,  Edge  Hill,  Tinicum  Island  and  Ashbourne.  VIRGINIA: 
Roslyn,  Great  Falls  and  Falls  Church.   ONTARIO:  Ottawa  and  Jordan. 

Under  the  1929  conditions  at  Urbana,  111.,  this  species  was  taken  in  its 
greatest  abundance  towards  the  end  of  March  when  unicolor  was  also 
at  its  height,  and  was  taken  best  in  areas  of  dry  grassland,  the  females  of 
neoagcistus  coming  to  the  flowering  trees  at  the  edge  of  the  meadows. 
It  was  also  taken  intermittently  throughout  the  early  spring  season  at  the 
other  habitats  studied,  but  never  in  abundance.  All  the  records  from 
other  localities  have  been  taken  in  March,  April  and  May,  mostly  during 
the  latter  part  of  March  and  the  early  part  of  April. 
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This  species  is  most  closely  related  to  collaris  icterus  and  bicolor,  from 
which  it  can  only  be  distinguished  by  the  teeth  of  the  saw  and  the  shape 
of  the  lateral  armature.  In  a  large  series  the  small  tarsal  claw  and  the 
more  or  less  angular  lateral  edges  of  the  sheath  will  serve  to  distinguish 
if  from  others  of  its  color,  but  these  characters  do  not  always  hold  good. 
The  saw  is  the  only  reliable  character. 

Dolerus  bicolor  (Beauvois) 

Tenthredo  bicolor  Beauvois,  Insect.  Afr.  et  Amer.,  1805,  p.  96. 

Dolerus  bicolor  Lepeletier,  Monogr.  Tenthred.,  1823,  p.  122;  Norton,  Trans.  Amer.  Ent.  Soc, 

Vol.  I,  1867,  p.  238;  Provancher,  Nat.  Canad.,  Vol.  X,  1878,  p.  72;  Provancher,  Faun. 

Ent.  Canad.,  Hymen.,  1883,  p.  198;  Forbes,  14th.  Rep.  State  Ent.  f.  1884,  1885,  p.  100; 

Packard,  Rep.  U.  S.  Ent.  Commiss.,  No.  V,  1890,  p.  588;  Dalla  Torre,  Cat.  Hymen., 

Vol.  I,  1894,  p.  3;  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  72. 
Dosytheus  bicolor  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  153. 

Female. — Length  7  to  9  mm.  Head  black;  thorax  rufous  with  the  fol- 
lowing parts  black:  lateral  lobes,  sometimes  scutum  and  metanotum  in 
part,  pectus  and  legs;  abdomen  rufous  except  sheath.  Wings  uniformly 
brown  infuscate. 

Structure,  except  genitalia,  similar  to  and  practically  indistinguishable 
from  collaris,  differing  only  in  having  the  punctures  on  the  anterior  lobe  a 
trifle  coarser. 

Sheath  as  in  Figures  29  and  31;  margins  often  bevelled  and  rounded, 
scopa  quite  wide,  limits  more  indistinct  than  in  neoagcistus,  sheath  appear- 
ing more  tube-like,  narrower  in  side-view  than  collaris,  with  the  dorsal 
margin  more  or  less  convex.  Saw  as  in  Figure  53,  the  alae  and  spurs  wider 
and  larger  than  in  neoagcistus,  closer  to  the  ventral  margin,  the  spurettes 
more  completely  fused  with  the  lobes,  which  are  usually  less  distinctly 
toothed. 

Male. — What  are  tentatively  considered  as  the  males  of  this  species, 
using  coincidental  collecting  data  as  criteria  of  association,  are  inseparable, 
either  by  color  or  structure,  from  the  males  of  collaris,  etc. 

Typic  Locality. — "Etats-Unis  d'Amerique." 

Neotype. —  9,  Riverton,  New  Jersey,  May  1,  1898.  In  the  MacGil- 
livray Collection,  University  of  Illinois,  Urbana,  111. 

Distribution.— CONNECTICUT:  19,  Lyme,  May  6  (Greene). 
KANSAS:  19,  Lawrence,  Apr.  24,  1923  (W.  G.  Garlick).  MICHIGAN: 
19,  Cavanah  Lake,  May  24,  1919  (T.  H.  Hubbell);  19,  Battle  Creek. 
NEBRASKA:  39  9,  Holt  County,  Apr.  26,  1909  (L.  Bruner).  NEW 
YORK:  1  9  ,  Nassau,  May  16,  1906;  1  9  ,  Poestenkill,  May  6,  1927,  1  9  , 
Stephentown,  Apr.  3,  1927;  1  9  ,  Ithaca,  Apr.  26,  1896.  VIRGINIA:  1  9  , 
Vienna,  Apr.  25,  1911  (R.  A.  Cushman).  ILLINOIS:  29  9,  "HI.," 
April;  1  9  ,  DeKalb,  May  13,  1930  (Frison  and  Ross). 

This  species  can  be  separated  from  others  of  the  same  color,  such  as 
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collaris,  neoagcistus  and  clypealis  nigrilabris,  only  on  the  basis  of  the  saw, 
in  particular  the  long  and  fairly  wide  alae. 

Dolerus  bicolor  var.  lesticus  MacGillivray 

Dolerus  lesticus  MacGillivray,  Can.  Ent.,  Vol.  XLVI,  No.  3,  Mar.,  1914,  p.  105;  Frison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241. 
Dolerus  graenicheri  MacGilUvray,  Can.  Ent.,  Vol.  XLVI,  No.  3,  Mar.,  1914,  p.  107;  Frison, 

Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.   New  synonymy. 

Female. — In  size  and  structure  identical  with  the  typical  form  of  the 
species.  Differs  only  in  color,  being  entirely  black  except  for  the  collar 
and  anterior  lobe,  which  are  rufous. 

Type.—  9  ,  Durham,  New  Hampshire,  2435  (Weed  and  Fiske).  Hamp- 
ton, New  Hampshire,  May  1,  1904  (S.  A.  Shaw).  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Lectoallotype. —  &,  same  data,  (Frison,  1927). 

Pw/n^'M/iow.— MASSACHUSETTS:  19,  Holyoke,  Apr.  12,  1903; 
19,  Wellesley,  April.  MICHIGAN:  19,  Ann  Arbor,  Apr.  11,  1917. 
MISSOURI:  19,  C.  Mo.,  (C.  V.  Riley).  NEBRASKA:  19,  Holt 
County;  49  9,  West  Ft.,  April  14  (L.  Bruner).  NEW  YORK:  19, 
Ithaca,  May.  WISCONSIN:  29  9,  Cranmoor,  May  2,  1908.  MAN- 
ITOBA: 19,  Birtle,  May  11,  1928  (R.  D.  Bird).  ONTARIO:  29  9, 
Ottawa,  Apr.  27,  1921  (J.  McDunnough) ;  1  9  ,  Ottawa,  Jly.  14.  QUEBEC: 
3  9  9,  Montreal,  Apr.  16  to  May  14,  (J.  W.  Buckle). 

Separated  from  collaris  by  the  shape  of  the  alae,  and  from  nortoni 
nigritella  by  the  sheath  and  saw. 

Dolerus  bicolor  var.  nigrita  new  variety 

Female. —SimilsLT  in  size  and  structure  to  the  typical  bicolor.  Differs 
in  color  in  having  the  body  entirely  black,  except  sometimes  a  small  portion 
of  the  collar  which  may  be  reddish. 

Eolotype.—  9  ,  Algonquin,  Illinois  (Nason).  Deposited  in  the  collection 
of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Paratypes.— 19  ,  same  data  as  holotype;  19,  Ames,  Iowa,  April  26, 
1926  (G.  Hendrickson) ;  1  9  ,  Gray's  Lake,  Illinois,  April  23,  1930  (Frison 
and  Ross).  In  the  collections  of  the  Illinois  State  Natural  History  Survey 
and  the  author. 

Most  similar  to  collaris  erebus  and  idahoensis,  but  is  readily  separated 
by  the  shape  of  the  saw. 

Dolerus  agcistus  MacGillivray 

Dolerus  agcistus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  129;  MacGilUvray, 
Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  73;  Frison,  Bull.  lU.  Nat.  Hist.  Surv., 
Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240. 
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Female. — Length  8  to  10  mm.  Head  black;  thorax  rufous  except  the 
following  parts  which  are  usually  black;  lateral  lobes,  scutum,  metanotum 
except  basal  plates,  pectus  and  legs,  sometimes  also  a  median  triangular 
area  on  anterior  lobe,  and  sometimes  all  the  pleurae  except  the  sutures 
which  are  always  rufous;  abdomen  rufous  except  sheath  which  is  black, 
and  cerci  which  are  sometimes  black.  Scutum  apparently  always  black. 
Wings  light  brown  infuscate,  lighter  than  in  collaris  or  bicolor. 

Structure,  except  genitalia,  as  in  collaris.  Postocular  area  always 
robust;  pectus  sometimes  shining,  not  shagreened.  Some  of  tarsal  claws 
with  a  large  tooth,  sometimes  almost  as  large  as  outer  hook  (Figure  13.) 

Sheath  large,  truncate  and  barrel-like  (Figure  32),  scopa  wide,  margins 
usually  rounded;  cerci  attaining  apex  of  sheath;  lance  as  in  Figure  56, 
very  little  serrate;  lancet  as  in  Figure  54;  alae  very  greatly  developed, 
especially  in  the  middle  region,  alar  spurs  blunt;  spurettes  also  large, 
blunt  and  distinct;  lobes  coarsely  toothed  three  or  four  times. 

Male. — Length  7  to  8.5  mm.  Color  entirely  black,  wings  very  lightly 
brown  infuscate. 

Structure  identical  with  the  males  of  collaris  and  bicolor;  usually  with 
the  pectus  shining,  not  shagreened  and  with  the  hind  femora  more  coarsely 
punctate.  Genitalia  typical  for  group. 

Type. —  9  ,  Lake  Forest,  Illinois  (J.  G.  Needham).  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Allotype. — cf ,  Seymour,  Illinois,  April  14,  1929  (Park  and  Ross).  In 
the  collection  of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 
Present  designation. 

Distribution.— C01.0RKD0:  ^9  9  ,  Col.  CONNECTICUT:  Mill- 
ford.  ILLINOIS:  Lake  Forest,  Algonquin,  Summit,  Champaign,  Onargo, 
Paxton,  Rantoul,  Ashkum,  Ludlow,  Thomasboro,  Chebanse,  Snyder,  St. 
Joseph,  Urbana,  Woodyard,  Seymour,  White  Heath,  Chicago.  INDIANA: 
East  Gary.  KANSAS:  St.  Johns,  Grove  County,  Douglas  County, 
Wallace  County,  Riley  County,  Manhattan,  Lawrence.  LONG  IS.: 
3  9  9,  L.  I.  MAINE:  Orono.  MASSACHUSETTS:  Cambridge,  Chico- 
pee.  West  Springfield.  MICHIGAN:  Douglas  Lake.  MINNESOTA: 
Wadena.  MONTANA:  29  9,  Mon.  NEBRASKA:  Ashland  County, 
Holt  County,  West  Point,  Lincoln.  NEW  JERSEY:  Snake  Hill.  NEW 
YORK:  Utica,  Richfield  Springs,  Lahaway  Ocean  County,  Staten  Island, 
Pike.  OHIO:  Columbus.  VIRGINIA:  Potomac  Creek.  WYOMING: 
Lander.    MANITOBA:  Husavick,  Winnepeg. 

In  the  1929  collecting  campaign  around  Urbana,  this  species  was  found 
to  be  at  its  greatest  abundance  in  the  Equisetum-Carex  communities  along 
the  railroads  (Figure  72)  during  April,  appearing  with  aprilis  and  illini 
in  the  first  peak  of  the  abundance  of  members  of  this  genus  in  this  type 
of  habitat.   The  dates  accompanying  the  other  distribution  records  are  of 
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a  more  scattered  nature,  ranging  from  April  to  July,  mostly  April  and 
May. 

This  species  can  usually  be  distinguished  from  collaris  icterus,  hicolor 
and  neoagciskis  by  its  larger  size,  coarser  tooth  of  ihe  tarsal  claws,  and  wide 
barrel-shaped  sheath.  Small  specimens,  however,  cannot  be  separated 
from  these  without  the  exertion  of  the  saw,  which  is  immediately  char- 
acterized by  the  wide  and  spreading  alae.  The  species  can  be  separated 
from  similarly  colored  specimens  of  piercei  by  the  robust  sheath. 

Dolerus  agcistus  var.  maroa  new  variety 

Female. — Structurally  identical  with  the  typical  agcistus.  Differs  in 
color  in  having  more  black  on  the  thorax.  Head  black;  thorax  black 
except  first  parapterum  which  is  rufous;  abdomen  beyond  basal  plates 
rufous  with  sheath  and  its  basal  sclerites  black.  Wings  lightly  infuscate 
as  in  agcistus. 

Holotype. —  9,  Elkhart,  Illinois,  May  3,  1930  (Prison  and  Ross).  In 
the  collection  of  the  Illinois  State  Natural  History  Survey. 

Known  only  from  the  holotype.  This  form  most  resembles  abdominalis, 
but  differs  in  having  the  sclerites  at  the  base  of  the  sheath  black,  in  having 
the  pleurae  more  finely  punctured,  and  in  the  more  opaque  appearance  of 
the  head  and  thorax. 

Dolerus  distinctus  Norton 

Dolerus  distinctus  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  IV,  1872,  p.  82;  Cresson,  ibid.,  Vol. 
VIII,  1880,  p.  39;  Cresson,  Mem.  Amer.  Ent.  Soc,  No.  5,  1928,  p.  5. 

Female. — Length  10  mm.  Head  black;  thorax  black,  with  the  pro- 
thorax,  anterior  lobe,  metapleurae  and  sutures  of  mesopleurae,  rufous; 
abdomen  with  dorsum  rufous  except  first  tergite  and  apex  of  other  tergites 
which  are  black,  and  venter  and  sheath  which  are  black.  Wings  brownish 
infuscate. 

Structure  identical  with  agcistus,  but  the  scopa  of  the  sheath  is  distinctly 
margined  (Figure  32)  and  the  spurettes  are  a  little  more  distinct. 

Male. — Unknown,  but  undoubtedly  similar  to  that  of  agcistus. 

Type. —  9,  San  Francisco,  California  (H.  Edwards).  In  the  collection 
of  the  Philadephia  Academy  of  Natural  Sciences,  Philadelphia,  Pa. 

Distribution. — Only  one  other  specimen  besides  the  type  has  been  ex- 
amined, namely,  1  9  ,  Corvallis,  Oregon,  June  8,  1892. 

This  species  is  separated  from  others  of  the  same  color,  collaris  maculi- 
collis  and  possibly  some  specimens  of  hicolor,  by  its  large  size  and  wide 
alae  of  the  saw.  It  is  separated  from  atcistus  by  the  black  venter  and  more 
distinctly  margined  sheath.  It  is  quite  possible  that  this  species  and 
agcistus  are  merely  color  phases  of  the  same  species,  but  a  series  of  130 
females  taken  in  the  vicinity  of  Urbana,  and  another  of  23  females  taken 
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at  Douglas  Lake,  Michigan,  by  C.  H.  Kennedy,  shows  no  indication  of 
agcistus  having  variants  with  a  black  venter,  so  that  the  two  are  kept  dis- 
tinct. Should  they  prove  the  same,  agcistus  will  become  a  race  or  subspecies 
of  distinctus. 

Dolerus  moramus  new  species 

Male. — Length  8  mm.  Head  black;  thorax  black  with  the  pro  thorax, 
anterior  lobe,  tegulae,  dorsal  margin  or  all  of  meso-episternum,  and  all 
of  meso-epimeron,  and  metapleurae,  rufous;  abdomen  entirely  rufous, 
except  cerci  which  are  black.  Wings  uniformly  brownish  infuscate. 

Head  densely  punctate  below  vertex;  postocular  area  slightly  shorter 
than  eye,  seen  from  above,  rubust  but  not  extending  as  far  laterad  as  the 
eye,  the  corner  rounded,  the  posterior  margin  without  a  carina,  shining 
and  with  larger  but  sparser  punctures  than  other  parts  of  head;  posterior 
margin  of  head  evenly  concave,  but  not  deeply  so;  vertical  furrows  deep 
and  trench-like,  separated  from  posterior  margin  by  a  thick  wall;  post- 
ocellar  area  subquadrate,  elevated  above  level  of  rest  of  vertex;  lateral 
ocelli  equidistant  from  each  other  and  posterior  margin  of  head;  flagellum 
subcylindrical,  columnar,  first  segment  slightly  longer  than  second,  rest 
gradually  decreasing  in  length.  Disk  of  anterior  lobe  shagreened,  sparsely 
punctate,  lateral  areas  closely  but  finely  punctate;  lateral  lobes  shining, 
sparsely  punctured;  post-tergite  sub  triangular,  the  apex  rounded,  the 
latero-basal  portions  striate,  the  remainder  usually  shining,  median  carina 
rounded  and  indistinct;  meso-episternum  reticulately,  evenly  punctured, 
punctures  intermediate  in  size  between  agcistus  and  eurybis;  pectus  more 
or  less  shagreened,  moderately  closely  punctured;  tarsal  claws  with  a  small 
tooth.  Hypopygium  short  and  broad,  sides  of  apex  very  oblique,  apical 
margin  truncate.  Genitalia  as  for  group. 

Female. — Length  9  mm.  Head  black;  thorax  rufous  except  the  following 
parts  which  are  black:  lateral  lobes,  scutum,  metanotum,  pectus,  and 
legs;  abdomen  rufous  except  sheath  and  cerci  which  are  black.  Wings  deep 
brownish-purple  infuscate  shading  near  apex  to  lighter  brownish. 

Structure,  including  sheath  and  saw,  identical  with  agcistus. 

Eolotype. —  cT,  Algonquin,  Illinois,  May  28,  1909  (Nason).  In  the  col- 
lection of  the  Illinois  State  Natural  History  Survey,  Urbana,  Illinois. 

Allotype. —  9,  Fox  Lake,  Illinois,  May  15,  1930  (Prison  and  Ross). 
Deposited  with  holotype. 

Paraty pes. —ILLINOIS:  Icf,  Algonquin,  May  20,  1909  (Nason). 
COLORADO:  4d^d^,  "Col.,"  Baker  Collection  (2181).  MINNESOTA: 
2cf  cT,  Hennepin  County.  NEW  YORK:  Id^,  Ithaca,  April  26,  1896; 
IcT,  Ithaca,  May  16,  1897.  In  the  collections  of  the  Illinois  State  Natural 
History  Survey,  Cornell  University,  the  University  of  Minnesota,  the 
U.  S.  National  Museum  and  the  author. 


267]  SAWFLIES  OF  THE  SUB-FAMILY  DOLERINAE—ROSS  63 

The  male  of  this  species  can  be  distinguished  from  all  other  males  of 
the  genus  by  the  color  pattern  of  rufous  and  black  on  the  mesonotum 
together  with  the  entirely  rufous  abdomen.  The  female  is  closest  to  D. 
agcistus  from  which  it  can  be  separated  by  the  darker  wings.  The  associa- 
tion of  these  two  sexes  is  made  largely  on  conjecture  and  may  prove  to  be 
erroneous. 

Dolerus  idahoensis  new  species 

Female. — Length  7.5  mm.  Color  entirely  black.  Wings  very  faintly 
brownish  infuscate. 

Structure,  except  genitalia,  identical  with  collaris  and  agcistus,  genita- 
lia identical  with  the  latter.  Postocular  area  robust,  with  a  very  low  trans- 
verse ridge,  no  carina  along  posterior  margin,  the  median  portion  of  the 
ridge  practically  impunctate,  and  shagreened;  postocellar  area  subquadrate, 
slightly  raised  above  level  of  postocular  area;  third  antennal  segment 
much  longer  than  fourth,  distinctly  narrower  in  middle.  Anterior  lobe  al- 
most uniformly  convex,  disk  shining,  sides  densely  punctured;  lateral 
lobes  shining,  sparsely  punctate;  post-tergite  subtriangular,  distinctly 
striate,  with  a  sharp  median  carina;  meso-episternum  more  or  less  smoothly 
reticulately  punctate;  pectus  fairly  densely  punctate,  shining. 

Sheath  with  edges  of  scopa  very  rounded,  stout  as  in  agcistus  (Figure 
32),  saw  as  for  agcistus  (Figures  54  and  56). 

Male. — Unknown. 

Eolotype. —  9  ,  Moscow,  Idaho,  May  6,  1912  (J.  M.  Aldrich).  Deposited 
in  the  collection  of  the  Illinois  State  Natural  History  Survey,  Urbana, 
111. 

Known  only  from  the  holotype.  Distinguished  from  collaris  erebus  and 
bicolor  nigrita  by  the  saw,  and  from  other  species  in  the  group  by  its  black 
color.  It  is  considered  as  a  distinct  species,  rather  than  a  color  variety  of 
distinctus,  with  which  it  agrees  structurally,  because  of  its  small  size  and 
the  small  tooth  of  the  tarsal  claws,  and  because  no  intergrade  has  been 
found  between  idahoensis  and  distinctus  or  agcistus. 

Dolerus  interjectus  new  species 

Female. — Length  6  to  7  mm.  Body  black,  except  abdomen  which  is 
yellowish-rufous,  with  the  two  apical  segments  entirely  or  clouded  with 
black.    Wings  hyaline. 

In  structure  very  similar  to  collaris.  Head  and  thorax  with  white 
pubescence  denser  than  any  other  member  of  group.  Head  densely  punc- 
tate except  centre  of  postocular  area  which  is  sparsely  punctate  and  sha- 
greened; postocular  area  as  long  as  eye,  seen  from  above,  robust,  with  a 
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transverse  ridge;  scarcely  narrowed  behind,  corners  rounded,  posterior 
area  slightly  wider  than  long,  coarsely  punctate,  raised  a  little  above  post- 
ocular  area;  posterior  margin  of  head  evenly  concave;  lateral  ocelli  equi- 
distant from  each  other  and  posterior  margin  of  head;  third  segment  of 
antennae  distinctly  longer  than  fourth,  distinctly  constricted  just  before 
middle,  remaining  segments  columnar  and  more  or  less  equal.  Disk  of 
anterior  lobe  shining,  sparsely  punctured,  lateral  areas  rough,  very  densely 
punctured;  lateral  lobes  shining,  with  sparse,  moderately  large  punctures; 
post-tergite  triangular,  apex  pointed,  distinctly  striate,  with  a  sharp  median 
ridge;  meso-episternum  smoothly  but  deeply  reticulately  punctured,  the 
walls  of  the  punctures  rounded  and  smooth;  pectus  shining,  sometimes 
indistinctly  shagreened,  finely  and  sparsely  punctured,  the  diagonal  row 
distinct;  tarsal  claws  with  a  minute  inner  tooth.  Sheath  short  and  stout 
(Figure  31),  scopa  wide  and  very  much  rounded;  setae  abundant,  with  the 
usual  number  of  long  ones,  pointing  more  caudad  than  laterad;  cerci  attain- 
ing apex  of  sheath.   Saw  as  for  agcistus  (Figure  54), 

Male. — Length  6.5  to  7  mm.  Color  entirely  black  except  for  the  three 
or  four  basal  segments  of  the  abdomen  which  are  rufous.    Wings  hyaline. 

Structure  similar  to  female,  with  the  following  differences:  antennae 
columnar,  third  segment  slightly  longer  than  fourth,  not  constricted,  the 
remaining  segments  gradually  decreasing  in  length  and  thickness;  pectus 
usually  more  or  less  shagreened;  hypopygium  and  genitalia  as  for  group. 

Holotype.—  9,  Potlatch,  Idaho,  June  20,  1907  (J.  M.  Aldrich).  De- 
posited in  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111. 

Allotype. —  d^,  same  data  as  holotype,  and  deposited  with  it. 

Paraty pes. —CALIFORNIA:  3cf  d".  Redwood  Canon,  Marin  County, 
May  17,  1908.  IDAHO:  4cf  cf ,  19,  same  data  as  holotype;  1  9  ,  Moscow, 
June  18,  1895.  WASHINGTON:  1  9  ,  Pullman,  May  20,  1901;  1  9  ,  Pull- 
man, April;  19,  Pullman,  May  23,  1909  (W.  M.  Mann);  19,  Pullman, 
May  30,  1908.  In  the  collections  of  the  University  of  Idaho,  the  State 
College  of  Washington,  the  Illinois  State  Natural  History  Survey,  the 
Academy  of  Natural  Sciences  of  Philadelphia  and  the  author. 

This  species  is  readily  distinguished  from  all  other  species  of  the  bi- 
color  group  by  having  the  metapleurae  black  and  the  abdomen  entirely 
rufous  except  sometimes  the  apex.  It  differs  from  abdominalis,  which  it 
most  closely  resembles  in  color,  by  its  small  size  and  more  finely  punctured 
pleurae.  It  differs  from  the  members  of  the  similis  group  which  it  resembles 
in  color  by  its  finely  and  evenly  punctate  pleurae,  its  distinct  sheath,  typi- 
cal of  the  bicolor  group,  and  its  saw.  The  male  can  be  distinguished  from 
nativus  by  its  smaller  size,  lighter  wings,  even  punctuation  of  the  postocu- 
lar  area,  and  more  truncate  hypopygium.  From  other  members  of  the 
bicolor  group  it  may  be  separated  by  its  color,  and  from  the  similis  group 
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by  its  small  size  and  very  fine  and  even  punctuation  of  the  meso-epister- 
num. 

Dolerus  euryhis  new  species 

Female. — Length  8  to  9  mm.  Body  yellow-orange,  with  the  following 
parts  black:  head,  lateral  lobes,  tegulae,  pectus,  legs  and  base  of  sheath. 
Front  wings  deeply  chocolate-infuscate  basad  of  stigma,  apical  half  hya- 
line; hind  wings  similarly  infuscate  with  apical  fourth  hyaline. 

Head  below  vertex  reticulate,  vertex  more  or  less  shining;  postocular 
area  shorter  than  eye,  seen  from  above,  rarely  robust,  usually  narrowed 
behind  eye,  corner  nearly  angular,  posterior  margin  with  a  slight  carina,  a 
broad  elevation  extending  from  base  of  vertical  furrow  to  behind  eye,  the 
elevation  shining  and  smooth,  sparsely  punctate,  rarely  with  a  suggestion 
of  shagreening,  punctures  in  the  depression  behind  elevation  large;  pos- 
terior margin  of  head  arcuate,  transverse  behind  postocellar  area;  the  latter 
slightly  wider  than  long,  shining,  with  sparse  punctures,  only  elevated  a 
little  above  postocular  area;  third  segment  of  antennae  constricted  before 
middle,  distinctly  longer  than  fourth,  the  remaining  segments  very  gra- 
dually decreasing  in  length.  Thorax  shining;  halves  of  anterior  lobe  sub- 
carinate;  disk  of  anterior  lobe  very  minutely  punctured;  lateral  areas  more 
coarsely  and  densely  punctured  but  nevertheless  shining;  lateral  lobes 
polished,  evenly  and  minutely  punctured;  post-tergite  triangular,  striate, 
with  a  sharp  median  carina;  meso-episternum  evenly  reticulate  with  large, 
bowl-like  punctures,  much  larger  than  in  collaris  or  agcistus,  but  not  ap- 
pearing rough;  pectus  polished,  with  minute  dense  punctures,  the  diagonal 
row  large  and  distinct;  tarsal  claw  with  a  very  small  tooth.  Abdomen  shin- 
ing; sheath  blunt  and  barrel-like,  with  many  short  black  setae  at  the  base 
of  the  others,  with  the  characteristic  row  of  long  ones;  the  scopa  truncate 
and  wide  with  rounded  sides;  cerci  projecting  beyond  sheath;  saw  as  for 
agcistus  (Figure  54). 

Male. — Length  7  to  8  mm.  Head  black;  thorax  black  except  for  the 
meso-epimeron  in  part  and  the  metapleurae  entirely,  which  are  rufous; 
abdomen  entirely  rufous.   Wings  as  in  female. 

Structure  similar  to  female,  with  the  following  differences:  third  seg- 
ment of  antennae  cylindrical,  not  constricted,  longer  than  fourth,  the 
remainder  diminishing  in  length  and  width;  hypopygium  squarely  trun- 
cate, short;  genitalia  typical  for  group. 

Holotype.—  9 ,  Cherryfield,  Maine,  August  8.  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Allotype.— d",  Ottawa,  Canada,  July  14.  In  the  Canadian  National 
Museum,  Ottawa,  Canada. 

Paraty pes. —COLORADO:  19,  Col.  (Pergande  Collection).  MICHI- 
GAN: 19,  *'Mich."  MINNESOTA:  Wadena,  Jly  4,  1922  (W.    E.  Hoflf- 
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man).  MANITOBA:  19,  Teulon,  Jly  10,  1923  (A.  J.  Hunter);  19, 
Rosebank,  Jly.  14,  1924  (J.  B.  Wallis).  QUEBEC:  69  9,  Hull,  Jly.  28, 
1920  (J.  McDunnough);  29  9,  Hull,  Jly.  19,  1914  (J.  I.  Beaulne);  19, 
St.  Therese  Isl.,  St.  John's  County,  Jly.  3  (G.  Chagnon);  2  9  9,  Rigand, 
Jly.  10,  1899;  1  9  ,  Montreal,  Jn.  4,  1899.  ONTARIO:  \&,  Ottawa,  Aug. 
14;  Icf ,  2  9  9  ,  Harrington  Collection.  1  9  ,  Peabody  Academy.  Deposited 
in  the  collections  of  the  U.  S.  National  Museum,  the  Canadian  National 
Museum,  the  University  of  Minnesota,  the  Museum  of  Comparative 
Zoology,  the  Illinois  State  Natural  History  Survey  and  the  author. 

This  beautiful  species  may  be  readily  distinguished  in  both  sexes  by 
the  color  of  the  wings,  the  like  of  which  has  not  yet  been  found  in  any  other 
species  of  the  genus.  In  addition,  the  female  may  be  separated  from 
agcistus  by  the  rufous  scutellum  and  from  abdominalis  by  the  rufous  on 
the  mesonotum. 

Dolerus  abdominalis  (Norton) 
Dosytheus  abdominalis  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  153. 
Dolerus  abdominalis  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  237;  Provancher,  Nat. 

Canad.,  Vol.  X,  1878,  p.  71;  Provancher,  Faun.  Entom.  Can.,  Hymen.,  1883,  p.  197; 

Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  1;  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat. 

Hist.  Surv.,  1916,  p.  74. 

Female. — Length  7.5  mm.  Head  black;  thorax  black  except  sutures 
of  meso-epimeron  and  the  metapleurae  entirely,  which  are  rufous;  abdo- 
men rufous  except  sheath  which  is  black.  Wings  evenly  lightly  or  moder- 
ately darkly  infuscate. 

Structure  almost  identical  with  eurybis.  Differs  as  follows:  punctures 
of  pleurae  very  large,  but  not  quite  as  large;  scopa  of  sheath  not  so  dis- 
tinct, corners  more  rounded,  halves  of  anterior  lobe  more  flatly  convex. 

Male. — Length  6.5  to  7  mm.   Color  similar  to  female. 

Structure  identical  with  collaris,  except  some  specimens  which  have 
the  pleurae  slightly  more  coarsely  punctate.  Hypopygium  and  genitalia 
as  for  group. 

This  antigeny  is  based  upon  color  only,  for  no  other  criteria,  not  even 
of  association,  are  available.  What  are  taken  as  the  two  sexes  of  this  species 
differ  in  the  size  of  the  punctures  of  the  pleurae  and  the  shagreening  of  the 
pectus,  and  the  two  may  represent  different  species. 

Typic  Locality. — Maine. 

Neotype. —  9,  Mt.  Tom,  Massachusetts,  May  30,  1896.  Deposited  in 
the  MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution.— GY^ORGlk:  Id^,  Ga.  ILLINOIS:  1  9  ,  N.  111.;  1  9  ,  Al- 
gonquin, (Nason).  KANSAS:  1  9  ,  St.  John's  County,  July;  Icf,  Lawrence, 
May  5,  1923  (W.  G.  Garlick).  MASSACHUSETTS:  3d^cf ,  Longmeadow, 
May  14,  1905;  29  9,  Mass.,  May  14,1905;  19,  Amherst,  Jn.  2,  1905; 
Id",  Mass.   NEW  YORK:  Ic?,  Richfield  Springs,  May  8,  1887;  Icf ,  Long 
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Is.;  4cf  cf,  Ithaca,  Apr.  26,  1896.  CONNECTICUT:  Id'd',  Hartford, 
Apr.  29,  1894.  PENNSYLVANIA:  IcT,  Delaware  County,  Apr.  22,  1894. 
This  species  may  be  separated  from  all  other  members  of  the  bicolor 
group  by  its  combination  of  a  red  abdomen  and  a  black  thorax.  From  the 
members  of  the  similis  group  with  which  it  might  be  confused  it  differs 
in  the  sheath  and  saw,  and  in  having  the  metapleurae  rufous.  The  male 
differs  from  eurybis  in  having  the  wings  uniformly  infuscate,  and  the  meso- 
pleurae  with  larger  punctures. 

SIMILIS  GROUP 

Posterior  margin  of  postocular  area  with  a  distinct  carina  (except  in 
elderi);  pectus  shining  and  punctate,  often  diagonal  row  of  punctures 
indistinct;  pleurae  closely  punctate;  post-tergite  mesally  carinate,  usually 
striate;  sheath  without  a  scopa,  setae  slender  and  silky,  without  a  few  which 
stand  out  conspicuously  longer  than  the  rest,  as  in  the  bicolor  group,  but 
with  all  of  them  in  an  evenly  graduated  series;  lancet  with  highly  developed 
lateral  armature;  alar  spines,  alar  spur  and  ventral  spines  distinct,  spurette 
differentiated  at  tip,  coalescing  with  ventral  margin  basally,  lobes  well  set 
out,  dentation  much  reduced.  Male  genitalia  as  in  Figure  68,  relatively 
short  and  wide;  praeputium  almost  truncate  at  the  base,  the  apices  short 
compared  with  sericeus;  gonocardo  wide;  pedes  broad  and  truncate. 

Dolerus  elderi  Kincaid 

Dolerus  elderi  Kincaid,  Proc.  Wash.  Acad.  Sc,  Vol.  II,  Nov.  24,  1900,  p.  359,  c?",  9 . 
Dolerus  cohaesus  MacGilUvray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  128,  9  ;  MacGil- 

Uvray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  72;  Prison,  Bull.  lU.  Nat.  Hist. 

Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240.  New  synonymy. 
Dolerus  nutricius  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  7,  July,  1923,  p.  159,  c?;  Prison, 

Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Peb.,  1927,  p.  244.  New  synonymy. 
Loderus  acriculus  MacGilUvray,  Univ.  111.  BuU.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  20,  9  ; 

Prison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Peb.,  1927,  p.  249.  New  synonymy. 
Dolerus  nydelius  MacGillivray,  Jour.  N.  Y.  Ent.  Soc,  Vol.  XXX,  No.  4,  Dec,  1923,  p.  163, 

d";  Prison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Peb.,  1927,  p.  244.    New 

synonymy. 
Dolerus  nemorosus  MacGillivray,  Jour.  N.  Y.  Ent.  Soc,  Vol.  XXX,  No.  4,  Dec,  1923,  p.  164, 

9  ;  Prison,  BuU.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Peb.,  1927,  p.  242.    New 

synonymy. 

Female. — Length  5.5  to  6.5  mm.  Head  and  thorax  black:  legs  black 
except  tibiae  which  may  be  almost  entirely  black  or  yellowish-rufous  with 
the  apices  black,  and  the  apices  of  the  anterior  femora  which  are  also 
yellowish-rufous;  abdomen  rufous  with  the  apical  three  or  four  segments 
black.   Wings  hyaline,  veins  light  brown. 

Head  finely  reticulate  except  postocellar  area  and  transverse  area  of 
postocular  area  which  are  shining;  postocular  area  rotund,  with  a  trans- 
verse elevation  occuppying  almost  its  whole  extent,  the  elevation  shining 
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and  only  sparsely  punctate,  the  posterior  margin  heavily  punctured,  with 
a  carina  on  the  mesal  half,  the  length  of  the  postocular  area  equal  to  eye, 
seen  from  above.  Small  specimens  may  have  the  postocular  area  obliquely 
narrowed  behind  eyes.  Posterior  margin  of  head  arcuate,  transverse  be- 
hind ocelli;  vertical  furrows  wide  and  deep,  nearly  reaching  posterior  mar- 
gin; postocellar  area  slightly  wider  than  long,  convex,  shining,  sparsely 
punctate,  scarcely  raised  above  level  of  postocular  area;  ocellar  basin 
scarcely  distinct  in  some  specimens,  reticulate  or  partially  striate,  its 
lateral  wall  hardly  raised,  in  others  very  distinct,  striate  and  with  linear, 
well-defined  walls;  flagellum  of  almost  equal  width  throughout,  third  an- 
tennal  segment  distinctly  longer  than  fourth,  very  slightly  constricted 
near  base,  but  not  so  much  as  in  the  bicolor  group,  remaining  segments 
almost  subequal.  Mesonotum  shining;  meson  of  anterior  lobe  with  fine 
punctures,  edges  of  disk  with  large,  sparse  punctures,  lateral  areas  with 
dense  reticular  punctures;  lateral  lobes  polished,  finely  punctured;  both 
anterior  lobe  and  lateral  lobes  very  convex;  post-tergite  triangular,  striate, 
with  a  tent-like  median  carina,  the  surface  not  being  excavate  on  each 
side  of  it;  meso-episternum  with  large,  round,  equal,  well  separated  punc- 
tures, the  walls  between  them  polished  and  smooth;  pectus  polished,  al- 
most impunctate,  the  diagonal  row  very  faintly  impressed;  tarsal  claws 
very  little  curved,  with  a  very  fine  tooth  about  two-thirds  distance  from 
base.  Sheath  relatively  thin,  without  a  scopa  (Figure  40),  dorsal  margin 
straight,  ventro-caudal  margin  shouldered,  setae  fine  and  silky,  longest  in 
middle  and  gradually  decreasing  in  size  on  either  side;  cerci  almost  attain- 
ing apex  of  sheath.  Saw  as  in  Figure  57,  long  and  narrow;  lance  serrate 
above;  lancet  with  lobes  and  spurrettes  fused,  the  spurette  appearing  as 
the  basal  tooth  of  the  lobe;  lobes  irregularly  toothed  with  none  to  five 
teeth;  alae  narrow,  with  distinct  spines;  alar  spur  present;  ventral  spines 
present  on  remnant  of  annuli  below  alar  spur. 

Male. — Length  5  to  6.5  mm.  Color  similar  to  female,  except  that  the 
tibiae  are  usually  a  little  darker. 

Structure  similar  to  female,  with  the  following  differences:  antennae 
thicker,  slightly  bilaterally  compressed,  finely  and  densely  setose;  hypopy- 
gium  slightly  longer  than  wide,  apex  with  sides  oblique  and  posterior  mar- 
gin almost  truncate.    Genitalia  as  for  group. 

Type—&,  Popoff  Island,  Alaska,  July  10,  1899  (T.  Kincaid)  (Harri- 
man  Alaska  Expedition).  In  the  U.  S.  National  Museum,  Washington, 
D.  C. 

Allotype.—  9  ,  Kukak  Bay,  Alaska,  July  4, 1899  (T.  Kincaid)  (Harriman 
Alaska  Expedition).     Deposited  with  holotype. 

Distribution.— COLORADO;  1  9  ,Durango,  Jly.  8, 1899;  Icf  ,2  9  9  ,  Ute. 
Cr.,  9000  ft.  Alt.,  Jly.  4  to  8  (Bruner  and  Smith) ;  5cf  d^,  3  9  9  ,  Florissant, 
Jly.  7,  1907;  Icf,  2  9  9,  Florissant,  Jn.  16,  1907,  on  Salix  brachycarpae 
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(S.  A.  Rohwer).  ILLINOIS:  Icf ,  4  9  9  ,  Chicago,  Aug.  7  to  20,  1904;  Ic?, 
1  9  ,  111.;  1  9  ,  Osborn,  Aug.  12,  1916  (C.  S.  Spooner);  3  9  9,  Garden  City, 
3cf  cf,  Waukegan,  May  14-15,  1930  (Prison  and  Ross).  INDIANA:  Icf, 
49  9,  Hessville,  Jly.  4  to  30,  1906.  MICHIGAN:  9cf  d^,  3  9  9,  One- 
kama,  Jly.  5,  1915;  2cf  cT,  1  9  ,  Douglas  Lake,  Aug.  1928  (C.  H.  Kennedy); 
IcT,  Huron  County,  May  17,  1922.  MONTANA:  Z&d",  19,  Gallatin 
County,  6800  ft.  alt.,  June  to  July;  19,  Bozeman,  Jly.  21,  1913.  NEV- 
ADA: Id',  Nev.  NEW  JERSEY:  Id",  Gt.  Piece  Midw.,  May  30,  1919. 
NEW  YORK:  many  cf  cT  and  9  9,  Ithaca,  McLean,  Caroline,  Albany, 
Poughkeepsie,  Otto,  Slingerlands,  Yonkers,  Keen  Valley  (Essex  County), 
from  May  to  August.  OREGON:  29  9,  Corvallis,  May  13,  1917;  Id", 
Union  County,  Jn.  25,  1922;  8d' d",  8  9  9  ,  Mt.  Hood;  19,  Hood  River. 
PENNSYLVANIA:  Id',  1  9  ,  N.  E.  Pa.,  Jly.  18,  1916,  on  Equisetum  (R. 
E.  Cushman).  SOUTH  DAKOTA:  Id',  1  9  ,  Harney  Peak,  Jly  22,  1924 
(H.  C.  Severin).  WASHINGTON:  1  9 ,  Olympia,  Aug.  10,  1894  (T.  Kin- 
caid).  WASHINGTON  TERR:  2  9  9  ,  W.  T.  BRITISH  COLUMBIA: 
2d'd',  3  9  9  ,  Revelstoke,  Jly.,  1905  (J.  C.  Bradley).  ONTARIO:  &d^  and 
9  9  ,  Ottawa,  Brockville,  Jordan,  Vineland,  Pelham,  Bonville,from  July 
to  September.  NEWFOUNDLAND:  39  9,  Bay  of  Islands,  July  to 
August.  QUEBEC:  c^d"  and  9  9,  Montreal,  Hull,  Aimer,  St.  Hilaire, 
Montfort,  June  to  August.  ALASKA:  \&,  39  9,  Popoff  Islands,  Jly. 
9,  10  and  13,  1899  (T.  Kincaid);  1  9  ,  Kukak  Bay,  Jly  4,  1899  (T.  Kincaid). 

A  widely  distributed  species,  occurring  throughout  the  Rocky  Moun- 
tain region  from  Alaska  southward,  and  stretching  across  the  continent  to 
the  middle  Atlantic  coast.  In  the  northern  mountainous  regions  the  species 
has  more  black  on  the  legs,  particularly  in  the  males,  and  in  the  eastern 
portion  of  its  range  usually  has  the  ocellar  basin  less  punctate  and  more 
striate,  but  neither  of  these  variations  seem  constant  enough  to  warrant 
separate  subspecific  names.  The  species  is  characterized  by  its  small 
size,  the  type  of  punctuation  of  the  pleurae,  the  very  convex  and  shining 
anterior  and  lateral  lobes,  and  the  sheath  and  saw.  It  may  be  separated 
from  interjectus,  with  which  it  may  be  confused,  by  its  coarse  punctuation 
of  the  pleurae  and  slender,  thin  sheath;  and  from  yukonensis,  its  nearest 
relation,  in  the  type  of  punctuation  of  the  pleurae  and  the  more  convex, 
less  densely  punctate  postocular  area  and  more  convex  thoracic  lobes. 
Small  specimens  of  similis  will  have  very  dense  punctuation  on  the  posto- 
cular area  and  anterior  lobe,  and  a  more  irregular  type  of  punctuation  on 
the  pleurae. 

Dolerus  elderi  var.  auraneus  new  variety 

Female. — Similar  in  size  and  structure  to  the  typical  elderi.  Differs  in 
color,  having  the  abdomen  entirely  rufous  or  with  the  last  two  segments 
more  or  less  black.  Hind  tibiae  black,  middle  and  front  tibiae  black,  yel- 
low-infuscate  on  basal  third.    Wings  slightly  uniformly  dusky. 
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Male. — Similar  to  the  typical  elderi,  sometimes  with  the  wings  dusky. 

Holotype. —  9,  Boise,  Idaho  (J.  M.  Aldrich).  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Allotype. —  cf ,  same  data  as  holotype.  In  the  collection  of  the  Illinois 
State  Natural  History  Survey,  Urbana,  111. 

Paratypes.—IDKHO:  IcT,  69  9,  Boise  (J.  M.  Aldrich);  Icf ,  Moscow, 
July  1,  1909  (J.  M.  Aldrich);  1  9  ,  Caldwell,  July  9,  1926  (C.  Wakeland). 
UTAH:  Icf ,  Emigrant  Canyon,  Wascatch  Mts.,  7000  ft.  alt.,  July  8,  1911 
(J.  M.  Aldrich).  NEW  MEXICO:  1  9  ,  Fort  Wingate,  July  28,  1909  (John 
Woodgate).  Deposited  in  the  collections  of  the  University  of  Idaho,  Illi- 
nois State  Natural  History  Survey  and  the  author. 

Apparently  confined  to  the  southern  Rocky  Mountain  region.  Dif- 
ferentiated on  the  same  characters  as  elderi. 

Dolerus  elderi  var.  ruhicanus  new  variety 

Male  and  female. — In  size  and  structure  similar  to  the  typical  elderi. 
Differs  in  having  all  the  femora  and  tibiae  entirely  reddish  yellow.  The 
males  may  have  the  base  of  the  femora  infuscate. 

Holotype. —  9,  Milaca,  Minnesota,  June  21,  1917.  Deposited  in  the 
collection  of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Allotype. —  cf,  St.  Cloud,  Minnesota,  June  21,  1917.  Deposited  with 
the  holotype. 

Para/>'/'e5.— MICHIGAN:  1  9  ,  Gogebie  County,  July  22,  1919  (T.  H. 
Hubbell).  MINNESOTA:  Icf,  Milaca,  Jn.  21,  1917;  19,  Rock  County, 
Jn.  24,  1910;  Icf ,  Ashley,  Aug.  28,  1911;  1  9  ,  Calhoun,  Jn.  12,  1921  (W. 
E.  Hoffman);  19,  Rv.  nr.  Henderson,  Sibley  County,  Jly.  17,  1922  (W. 
E.  Hoffman);  19  Rochester,  Jn.  13,  1922  (C.  E.  Mickel).  MONTANA: 
Icf,  Mon.  NORTH  DAKOTA:  1  9  ,  Turtle  Mts.,  Lake  Upsilon,  Jly.  14 
1919  (C.  Thompson).  WISCONSIN:  29  9,  Madison,  Sept.  1,  1916  (H. 
K.  Harley).  ALBERTA:  lcf,Lethbridge,  Aug.  12,  1922  (E.  H.  Stickland). 
MANITOBA:  29  9,  Fork  River,  Jly.  14,  1926  (E.  Criddle);  19,  Trees- 
bank,  Jn.  26,  1926  (R.  D.  Bird);  2  9  9,  Birtle,  Jn.  14,  1928  (R.  D.  Bird); 
Icf ,  Birtle,  Jn.  26,  1928  (R.  D.  Bird).  In  the  collections  of  the  University 
of  Michigan,  University  of  Minnesota,  U.  S.  National  Museum,  Canadian 
National  Museum,  University  of  Alberta,  Illinois  State  Natural  History 
Survey,  Dr.  R.  D.  Bird,  and  the  author. 

This  interesting  variety  has  so  far  been  taken  only  in  and  around  the 
Great  Plains.  It  is  distinct  among  the  subgenus  Dolerus  in  having  the 
femora  red. 

Dolerus  elderi  var.  melanus  new  variety 
Male  and  female. — Similar  in  size  and  structure  to  the  typical  elderi. 
Differs  in  color  in  being  entirely  black,  except  sometimes  as  indistinct 
fuscous  area  on  the  dorsum  or  basal  lateral  margins  of  the  abdomen. 
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Eolotype.—  9,  Saldovia,  Alaska,  July  21,  1899  (T.  Kincaid)  (Harri- 
man  Alaska  Expedition).  Deposited  in  the  U.  S.  National  Museum, 
Washington,  D.  C. 

Allotype. —  cf ,  Agassiz,  British  Columbia,  May  8,  1927  (H.  H.  Ross). 
Deposited  in  the  Canadian  National  Museum,  Ottawa,  Canada. 

Paratypes. — 1  9 ,  Sitka,  Alaska,  June  16,  1899  (T.  Kincaid,  Harriman 
Alaska  Expedition) ;  lcf,3  9  9  ,  Mt.  Hood,  Oregon;  39  9,  Agassiz,  B.C., 
May  8,  1927  (H.  H.  Ross);  1  9 ,  Agassiz,  B.C.,  July  15,  1926  (R.  Glenden- 
ning);  1  9  ,  Agassiz,  B.C.,  May  27,  1917  (A.  E.  Cameron);  Icf ,  Friday  Har- 
bor, Washington,  May  29,  1906  (J.  M.  Aldrich).  Deposited  in  the  collec- 
tions of  the  U.  S.  National  Museum,  the  University  of  Idaho,  the  Phila- 
delphia Academy  of  Sciences,  the  Illinois  State  Natural  History  Survey, 
the  Canadian  National  Museum  and  the  author. 

This  is  a  melanic  variety  occurring  in  the  more  humid  regions  of  the 
Pacific  Coast.  It  may  be  distinguished  from  other  black  species  by  its 
small  size,  robust  and  shining  postocular  area  (especially  noticeable  in 
larger  specimens),  type  of  punctuation  of  the  pleurae,  and  the  convex  and 
shining  anterior  and  lateral  lobes. 

Dolerus  nasutus  MacGillivray 

Doleriis  nasutus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  65;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 
Dolerus  nugatorius  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  66;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.   New  synonymy. 
Dolerus  novellus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  67;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.   Nerou  synonymy. 

Female. — Length  8  to  10  mm.  Color  entirely  black.  Head  with  the 
area  between  ocelli  and  eyes  having  a  bluish  reflection.    Wings  hyaline. 

Body  with  white  pubescence  longer  than  usual.  Head  rough  and  re- 
ticulate except  postocellar  area  and  transverse  area  of  postocular  area 
which  are  shining  and  sparsely  punctured;  postocular  area  subequal  in 
length  to  eye,  seen  from  above,  distinctly  narrowed  behind  eye,  with  a 
transverse  ridge  which  is  usually  shining,  the  posterior  margin  rough  and 
carinate;  vertical  furrows  deep  and  pit-like,  half  length  of  postocellar 
area;  the  latter  wider  than  long;  lateral  ocelli  equidistant  from  each  other 
and  posterior  margin  of  head;  antennae  as  in  elderi.  Mesonotum  shining; 
halves  of  anterior  lobe  sharply  convex;  disk  with  sparse  punctures,  sides 
with  large  punctures,  sparser  posteriorly;  lateral  lobes  and  post-tergite  as 
in  elderi;  meso-episternum  with  large,  crater-like  punctures,  reticulate; 
borderline  between  pleurae  and  pectus  definitely  marked,  sharp;  pectus 
flat  and  shining,  fairly  densely  punctured,  diagonal  row  indistinct;  tarsal 
claws  with  a  moderately  large  tooth.  Sheath  as  in  Figure  35,  shaped  as  in 
elderi,  with  a  fine  carina  along  the  dorso-lateral  angle  a  trifle  removed  from 
the  dorsal  edge  at  base,  but  converging  into  it  at  apex,  as  is  also  true  of 
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elderi;  setae  as  in  elderi;  cerci  attaining  one-half  to  three-quarters  length  of 
sheath.  Saw  almost  identical  with  that  of  elderi,  diflfering  only  in  having 
more  prominent  spurettes  (Figure  58). 

Male. — Similar  in  size,  color  and  structure  to  female.  Genitalia  as  for 
group. 

Type. —  9,  Corvallis,  Oregon  (Laura  Hill).  In  the  MacGillivray  Col- 
lection, University  of  Illinois,  Urbana,  111. 

Ledoallotype. — cf,  Corvallis,  Oregon,  April  20,  1908  (Laura  Hill). 
Deposited  with  the  type.    (Prison,  1927). 

Distribution.— COLO^KDO:  1  9  ,  Veta  Pass,  June  21.  IDAHO:  1  9  , 
Kendrick;  19,  Moscow;  Icf,  Moscow  Mt.,  June  3,  1911.  MONTANA: 
3  9  9,  Gallatin  County,  Apr.  5  to  June  11,  1904.  NEW  MEXICO:  3c? cf, 
Jemez  Springs,  May  17  to  31,  1913  (J.  Woodgate);  3cfcr,  1  9 ,  Fort  Win- 
gate,  May  7  to  14,  1908  (J.  Woodgate).  OREGON:  2cf  cf,  1  9 ,  Corvallis, 
Apr.  20  to  June  8;  1  9  ,  Forest  Grove,  May  12,  1918;  1  9  ,  Springfield;  1  9  , 
Albany.  WASHINGTON:  20^0^,3  9  9,  Pullman,  May  20  to  31.  BRI- 
TISH COLUMBIA:  Icf,  Agassiz,  May  22,  1922  (R.  Glendenning)  19, 
Agassiz,  May  27,  1921  (R.  Glendenning);  Icf,  Hazelton,  May  18,  192- 
(W.  B.  Anderson);  Ic?,  Vancouver;  Ic?,  Vernon,  May  2,  1903;  Icf, 
Chilliwack,  May  10,  1927.  ALBERTA:  19,  Banff,  June  5,  1922  (C.  B. 
Garrett). 

A  rare  species,  distributed  through  the  middle  Pacific  slope  and  the 
southern  Rocky  Mountains.  This  species  is  often  confused  with  nicaeus 
and  elderi  melanus.  From  nicaeus  it  may  be  distinguished  in  the  female 
by  the  narrower  sheath  with  the  lateral  carina  almost  confluent  with  the 
dorsal  margin,  the  saw,  the  meso-episternum  having  circular  and  almost 
equal  punctures,  the  sharper  angle  of  the  pectus  and  pleurae,  and  the  pos- 
tocular  area  being  flat  and  lacking  a  transverse  ridge;  in  the  male  by  the 
polished  pectus,  practically  impunctate  adjacent  to  the  pleurae,  the  evener 
and  more  rugose  punctures  of  the  meso-episternum  reaching  to  the  very 
edge  of  the  pectus  and  forming  a  marked  division  between  pleurae  and  pec- 
tus, and  the  more  shining  lobes  of  the  thorax.  Both  sexes  possess  a  bluish 
reflection  on  the  area  of  the  head  between  the  eyes  and  ocelli,  if  seen  from 
certain  angles  and  this  serves  as  a  very  useful  guide  to  the  two  species  after 
one  becomes  accustomed  to  the  character.  From  elderi  melanus  this  species 
may  be  immediately  separated  by  the  contracted  and  constricted  postocu- 
lar  area,  and,  usually,  the  larger  size.  Nasutus,  also,  lacks  grooves  on  the 
hind  tibiae  and  can  be  separated  from  members  of  the  sericeus  group  on 
the  basis  of  that  character. 

Dolerus  apriloides  MacGillivray 

Dolerus  apriloides  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  126;  Prison,  Bull. 
111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240. 
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Female. — Length  10  to  11  mm.  Head  and  thorax  black,  legs  sometimes 
with  front  tibiae  rufous,  abdomen  rufous  with  the  last  three  segments 
black.  Wings  tawny  infuscate,  with  the  basal  fifth  of  the  front  wing  and 
basal  third  of  the  hind  wing  hyaline. 

Body  very  robust.  Head  roughly  reticulate,  except  for  the  mesal  por- 
tion of  the  postocular  ridge  which  is  shining;  head  wider  behind  eyes  than 
through  them;  postocular  area  robust,  equal  to  length  of  eye  seen  from 
above,  with  a  transverse  ridge,  the  posterior  margin  rough  and  subcarinate; 
vertical  furrows  relatively  shallow  and  cuneiform;  postocellar  area  sub- 
quadrate;  lateral  ocelli  equidistant  from  each  other  and  posterior  margin 
of  head;  m.edian  fovea  large,  saucer-shaped  and  shining;  antennae  as  in 
elderi.  Disk  of  anterior  lobe  closely  punctured,  opaque,  lateral  areas  with 
large  and  small  punctures,  reticulate;  the  halves  gently  convex;  lateral 
lobes  very  closely  punctured  except  small  central  disk  which  is  almost 
smooth;  post-tergite  very  stout  and  thick,  triangular  and  smooth,  with 
low,  granular  striations,  and  with  a  rounded  median  carina;  meso-epis- 
ternum  slightly  depressed  just  above  pectus,  with  very  large,  more  or  less 
irregular  rugosities,  presenting  a  rough  appearance;  pectus  well  set  off  from 
pleurae,  very  densely  punctate  except  for  postero-mesal  corners  which  are 
shining;  hind  tibiae  more  or  less  distinctly  longitudinally  grooved,  as  in 
the  sericeus  group;  tarsal  claws  with  a  medium  sized  tooth.  Sheath  resem- 
bling Figure  35,  but  shorter,  the  carina  forming  a  sharp  upper  and  outer 
angle;  cerci  almost  attaining  tip;  saw  as  for  nasutus  (Figure  58). 

Male. — Similar  in  size,  color  and  structure  to  female,  with  the  hypopy- 
gium  and  genitalia  characteristic  of  the  group. 

Type.—  9 ,  Ithaca,  New  York,  June  19,  1897.  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  111. 

Allotype. —  cf ,  Montreal,  Canada,  June  25, .  (6689).    Deposited  in 

the  collection  of  the  Illinois  State  Natural  History  Survey,  Urbana,  111. 

Distribution.— CONNECTICUT:  Icf,  Cornwall,  May  28,  1920 
(Chamberlain).  ILLINOIS:  1  9  ,  Fourth  Lake,  June  16,  1892  (Hart  and 
Shiga);  19,  Chicago,  June  3,  1906  (W.  J.  Gerhard).  INDIANA:  19, 
Hessville,  June  18,  1911.  MICHIGAN:  1  9  ,  Douglas  Lake,  July  23,  1924. 
MINNESOTA:  19,  Moore  Lake,  June  25,  1917.  MANITOBA:  19, 
Winnepeg,  July  10,  1911  (J.  B.  Wallis). 

This  is  a  rare  species  taken  from  the  central  and  eastern  part  of  the 
continent.  Because  of  its  large  size  this  species  is  most  likely  to  be  confused 
with  neoaprilis,  from  which  it  differs  in  the  female  in  the  sheath  and  saw 
and  in  the  male  by  the  larger  rugosities  around  the  region  of  the  depression 
of  the  pectus,  which  obscure  the  sharp  margin  present  in  neoaprilis.  From 
all  other  species  of  the  same  color  it  differs  in  the  rugose  pleurae  and  robust 
head. 
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Dolerus  yukonensis  Norton 

Dolerus  similis  var.  yukonensis  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  IV,  1872,  p.  141;  Dalla 

Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  17;  Cresson,  Mem.  Amer.  Ent.  Soc,  No.  5,  1928, 

p.  10. 
Dolerus  nuntius  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  7,  July,  1923,  p.  158;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 
Dolerus  nundinus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  7,  July,  1923,  p.  159;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 

Female. — Length  7  to  8  mm.  Head  and  thorax  black  except  bases  of 
tibiae  which  are  more  or  less  rufous;  abdomen  rufous  at  base,  black  at 
apex,  segments  6  to  10  almost  entirely  black,  and  the  ventral  corners  of  the 
basal  terga  black,  forming  a  checkered  line  on  the  ventro-lateral  aspect. 
Wings  hyaline,  barely  stained  with  tawny. 

Head  evenly,  finely  reticulate,  with  at  most  a  small  area  on  postocular 
area  less  densely  reticulate;  eyes  prominent,  head  reduced  in  width  behind 
eyes;  postocular  area  slightly  shorter  than  length  of  eye  seen  from  above, 
with  a  narrow  ridge,  not  very  high,  and  a  posterior  carina;  vertical  furrows 
small,  shallow  and  elliptical;  postocellar  area  flat,  scarcely  convex,  punc- 
tured the  same  as  the  head,  wider  than  long,  not  raised  above  level  of 
postocular  area.  Mesonotum  densely  punctured,  lateral  areas  of  anterior 
lobe  with  large,  rugged  punctures;  disk  and  lateral  lobes  shining  but  with 
dense  punctures;  post-tergite  triangular,  densely  striate,  with  a  sharp 
median  carina;  meso-episternum  depressed  just  above  pectus,  the  depres- 
sion with  a  rugged,  circular  posterior  carina,  the  entire  area  with  large, 
but  very  shallow,  punctures,  giving  it  a  rough  appearance;  pectus  shining, 
very  densely  punctate,  diagonal  row  distinct;  pectus  and  pleurae  merging 
into  each  other  gently,  without  a  separating  ridge;  tarsal  claws  with  a 
small  tooth.    Genitalia  identical  with  nasutus  (Figures  35  and  58). 

Male. — Length  7  mm.  Color  and  structure  similar  to  female;  in  some 
specimens  the  black  is  reduced  on  the  ventral  corners  of  the  rufous  ster- 
nites;  hypopygium  with  the  apical  margin  slightly  rounded;  genitalia  as 
for  group. 

Lectoallotype. —  9 ,  Alaska.  In  the  collection  of  the  Philadelphia 
Academy  of  Natural  Sciences,  Philadelphia,  Pa. 

Distribution.— ALBERTA:  Sd'd',  18  9  9,  Banff,  June  1  to  26,  1922 
(C.  B.  Garrett);  19,  Shovel  Pass,  Jasper  Park,  July  1,  1915;  Icf,  19, 
Edmonton,  June  6,  1917  and  May  21,  1915  (F.  S.  Carr).  ALASKA: 
19,  Yakutat,  June  21,  1899  (T.  Kincaid);  19,  St.  Paul  Island,  Bering 
Sea  (E.  A.  Preble)  (Summer,  1914). 

Confined  to  the  northern  Rocky  Mountains  and  Alaska.  The  female 
differs  from  interjectus,  which  it  resembles  in  many  particulars,  in  the  saw 
and  sheath,  from  elderi  in  having  the  head  evenly  and  finely  punctate,  and 
from  similis  in  the  sheath  and  saw,  its  smaller  size,  more  finely  punctate 
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and  flatter  head,  and  the  lateral  black  bars  on  the  red  basal  portion  of  the 
venter.  The  male  differs  from  interjedus  in  the  roughness  of  the  pleurae, 
from  elderi  and  similis  in  the  same  characters  as  the  female. 

Dolerus  similis  (Norton)  sens.  lat. 

Considered  in  its  widest  sense,  this  species  is  remarkably  variable  in 
size  and  color,  but  very  constant  in  structure,  with  the  exception  of  the 
sheath.  Two  extreme  forms  of  the  sheath  occur,  a  very  short  one,  repre- 
sented by  Figures  2>2>  and  37,  and  a  long  one  represented  by  Figures  34 
and  38.  In  the  central  and  eastern  parts  of  the  continent  these  two  ex- 
tremes occur  in  the  same  series,  and  in  the  Illinois  collections  the  extremes 
and  many  intermediates  were  taken  many  times  at  the  same  time  and  place. 
In  the  Rocky  Mountain  region  all  large  series  showed  a  great  constancy  of 
this  character,  the  extremes  never  yet  having  been  taken  together.  In 
addition  to  this,  many  series  exhibited  variations  in  color,  especially  of  the 
legs  and  wings,  which  were  encountered  from  only  the  one  locality.  The 
punctuation  of  the  head  and  thorax,  the  shape  of  the  saw,  and  the  male 
genitalia  were  constant  throughout  the  entire  series  of  variations.  It 
suggests  that  the  isolation  and  habitats  of  different  physiological  condi- 
tions afforded  by  the  mountainous  area  have  allowed  local  strains  or  races 
of  this  species  to  become  established,  which  do  not  yet  seem  distinct 
enough,  or  far  enough  along  in  the  scale  of  evolution,  to  be  considered  valid 
species. 

The  following  key  will  separate  the  known  varieties  and  races  of  Dol- 
erus similis: 

Females 1 

Males 10 

1.  Wings  uniformly  infuscate,  especially  at  base,  sometimes  paler  at  apex 2 

— .   Wings  never  infuscate  at  base,  sometimes  tawny  in  the  middle  or  towards  apex 6 

2.  Tibiae  rufous,  hind  pair  sometimes  darker  at  apex similis  var.  tibialis  Cress. 

— .   Tibiae  mostly  black 3 

3.  Thorax  mostly  black,  sometimes  clouded  with  rufous 4 

— .    Anterior  and  lateral  lobes  rufous,  anterior  lobe  sometimes  with  a  median  black  triangle . .  5 

4.  Sheath  shorter,  as  in  Figure  33,  the  lateral  carina  indistinct,  the  setae  longer  and  more 

divergent,  without  a  visible  shining  area  between  setae  and  lateral  portion  of  dorsal 

plates similis  var.  conjectus  Ross 

— .    Sheath  longer,  as  in  Figure  34,  lateral  carina  distinct  and  straight,  setae  shorter,  with  a 
distinct  shining  area  between  setae  and  lateral  portion  of  dorsal  plates 
similis  subsp.  fumatus  Ross 

5.  Length  7.5  to  9.0  mm.;  postocular  area  usually  finely  punctate,  dull;  anterior  lobe  some- 

times with  a  black  median  triangle  which  in  extreme  cases  migrates  on  to  the  meson 
of  the  lateral  lobes;  abdomen  often  with  the  apical  segments  black,  more  often  entirely 

rufous;  tibiae  entirely  black similis  subsp.  simidans  Roh. 

— .  Length  9.5  to  10.5  mm.;  postocular  area  shining,  sparsely  punctate;  anterior  and  lateral 
lobes  and  abdomen  always  entirely  rufous;  front  tibiae  sometimes  entirely  or  partly 
rufous similis  subsp.  nescius  MacG. 
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6.  Both  anterior  and  lateral  lobes  rufous,  anterior  lobe  sometimes  with  a  black  median 

triangle 7 

— .   At  most  anterior  lobe  and  indefinite  areas  on  posterior  comers  of  lateral  lobes  rufous.  .8 

7.  Tibiae  entirely  black;  anterior  lobe  sometimes  with  a  black  median  triangle 

similis  subsp.  simulans  Roh. 

— .    Front  tibiae  mostly  rufous,  middle  tibiae  sometimes  rufous  at  base;  anterior  lobe  entirely 
rufous similis  var.  novicius  MacG. 

8.  Thorax  entirely  black,  except  sometimes  fore  tibiae  at  base 9 

— .   Thorax  with  at  least  a  great  part  of  prothorax,  usually  with  collar  and  anterior  lobe 

rufous similis  (Nort.)  sens.  st. 

9.  Sheath  short,  as  in  Figure  33,  lateral  carina  indistinct,  without  a  shining  area  between 

the  apical  area  of  setae  and  the  lateral  portion  of  dorsal  plates 

" " " ' similis  var.  nummarins  MacG. 

— .    Sheath  longer,  as  in  Figure  34,  lateral  carina  distinct,  and  with  a  shining  area  between 

the  apical  area  of  setae  and  the  lateral  portion  of  dorsal  plates 

similis  subsp.  nordanus  Ross 

10.  Tibiae  rufous,  except  sometimes  hind  pair  at  apex;  wings  infuscate 

similis  var.  tibialis  Cress. 

— .    Tibiae  black,  except  sometimes  front  and  middle  pair  at  base 11 

11.  Wings  fairly  deeply  infuscate  at  base,  sometimes  paler  at  apex 12 

— .  Wings  hyaline  at  base,  sometimes  infuscate  in  middle  or  at  apex,  .similis  (Nort.)  sens.  st. 

similis  var.  nummarius  MacG. 

similis  subsp.  nordanus  Ross 

similis  subsp  simulans  Roh.  in  pt. 

12.  Size  large,  9.5  to  10  mm.;  transverse  ridge  of  postocular  area  shining,  sparsely  punc- 

tate  similis  subsp.  nescius  MacG. 

— .    Size  smaller,  8  to  9  mm.;  postocular  area  usually  fairly  densely  punctate,  dull 

similis  var.  conjectus  Ross. 

similis  subsp.  fumatus  Ross 

similis  subsp.  simulans  Roh.  in  pt. 

The  light  winged  forms  of  this  species  resemble  elderi,  yukonensis, 
aprilis,  apriloides  and  neoaprilis  in  color.  In  the  female  aprilis  and  neoa- 
pHlis  are  easily  distinguished  by  the  sheath;  apriloides  differs  in  its  rugose 
pleurae;  elderi  and  yukonensis  differ  in  the  saw,  slightly  in  the  sheath, 
elderi  in  its  much  smaller  size,  the  robust  and  shining  postocular  area,  the 
convex  and  shining  anterior  and  lateral  lobes,  and  the  circular,  smooth 
type  of  punctuation  of  the  meso-episternum,  yukonensis  in  its  evenly 
punctured  head,  flat  and  densely  punctured  postocular  area,  and  evenly 
confluent  pectus  and  pleurae.  The  males  of  apriloides  and  neoaprilis  can 
be  separated  on  the  basis  of  the  stocky  and  shining  post-tergite,  more  robust 
and  longer  postocular  area,  rugose  and  depressed  pleurae  and  longer 
hypopygium;  those  of  elderi  by  the  smaller  size,  robust  and  shining  posto- 
cular area  and  thoracic  lobes,  and  the  type  of  punctuation  of  the  meso- 
episternum;  and  those  of  yukonensis  on  the  flatter  and  densely  punctate 
postocular  area  lacking  a  transverse  ridge,  and  more  confluent  pectus  and 
pleurae.  No  satisfactory  difference  has  yet  been  found  between  the  males 
of  similis  and  aprilis. 
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The  dark  winged  forms  are  usually  distinct  by  their  color  and  are  seldom 
confused  with  any  other  species.  The  one  or  two  exceptions  are  noted  under 
the  individual  forms. 

Dolerus  similis  (Norton)  sens.  st. 

Dosythetis  similis  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  153. 

Dolerus  similis  Norton,  Trans  Amer.  Ent.  Soc,  Vol.  1, 1867,  p.  238;  Provancher,  Nat.  Canad., 

Vol.  X,  1878,  p.  72;  Provancher,  Faun.  Ent.  Can.,  Hymen.,  1883,  p.  198;  Dalla  Torre, 

Cat.  Hymen.,  Vol.  I,  1894,  p.  17;  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv., 

1916,  p.  74. 
Dolerus  conjugatus  MacGiUivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  128;MacGilUvray, 

Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  73.    Prison,  BuU.  111.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.    New  synonymy. 
Dolerus  plesius  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  129;  MacGillivray, 

BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  73;  Prison,  Bull.  111.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 
Dolerus  inspectus  MacGilUvray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  128;  MacGilUvray, 

Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  72;  Prison,  BuU.  lU.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.  New  synonymy. 
Dolerus  stugnus  MacGiUivray,  Can.  Ent.,  Vol.  XL,  No.  4,  AprU,  1908,  p.  129;  MacGUlivray, 

BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  74;  Prison,  BuU.  lU.  Nat.  Hist.  Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 
Dolerus  acritus  MacGUUvray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  130;  MacGUUvray, 

BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  74;  Prison,  BuU.  lU  Nat.  Hist.    Surv., 

Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  240.   New  synonymy. 
Dolerus  inspiratus  MacGUlivray,  Can.  Ent.,  Vol.  XLVI,  No.  3,  March,  1914,  p.  105;  MacGil- 
livray, BuU.  22,  Conn.  Geol.  Nat.  Hist.  Surv,  1916,  p.  72;  Prison,  BuU.  lU.  Nat.  Hist. 

Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.  New  synonymy. 
Dolerus  nefastus  MacGUUvray,  Can.  Ent.,  Vol.  LV,  No.  3,  March,  1923,  p.  66;  Prison,  BuU. 

lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.  New  synonymy. 
Dolerus  nummatus  MacGUUvray,  Can.  Ent.,  Vol.  LV,  No.  7,  July,  1923,  p.  159;  Prison,  Bull. 

lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  244.  New  synonymy. 

Female.— Length  7  to  9  mm.  Head  black:  thorax  black  with  the  pro- 
thorax,  anterior  lobe  and  tegulae  rufous,  legs  black  with  the  anterior  knees 
and  tibiae  more  or  less  rufous;  abdomen  with  segments  1  to  6  rufous,  apex 
black.  The  thorax  may  have  only  the  prothorax  rufous,  or  may  have  the 
lateral  lobes  also  partly  rufous.  Wings  almost  hyaline,  with  a  larger  or 
smaller  tawny  area  below  stigma. 

Body  well  clothed  with  white  pubescence.  Head  somewhat  variable  in 
contour,  the  vertex  being  robust  or  shrunken,  usually  intermediate;  area 
below  vertex  roughly  reticulate;  postocular  area  same  length  as  eye,  seem 
from  above,  with  a  distinct  transverse  ridge,  more  or  less  sparsely  punc- 
tate and  shining,  and  with  a  distinct  posterior  carina;  vertical  furrows 
variable,  usually  shallowly  formed  and  linear,  sometimes  deeper;  postocellar 
area  rectangular,  nearly  twice  as  wide  as  long,  very  gently  convex,  only 
slightly  raised  above  level  of  postocular  area.  Halves  of  anterior  lobe 
moderately  carinate,  disk  shining,  densely  punctured,  lateral  areas  rough 
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with  small  punctures;  lateral  lobes  densely  punctate,  shining;  post-tergite 
triangular,  densely  striate,  with  a  sharp  median  carina;  meso-episternum 
more  or  less  slightly  depressed  above  pectus,  rough  with  fairly  large,  un- 
even, reticulate  punctures,  largest  in  the  centre  of  the  area;  pectus  shining, 
densely  punctured,  diagonal  row  distinct;  tarsal  claws  with  a  moderate 
tooth.  Sheath  usually  as  in  Figure  2>2>,  rarely  as  in  Figure  37,  cerci  three- 
quarters  or  entire  dorsal  length  of  sheath.  Saw  as  in  Figure  59;  lance  ser- 
rate (Figure  57);  lancet  with  well  developed  lateral  armature;  alae,  alar 
spines,  and  ventral  spines  prominent,  spurettes  large  and  distinct,  lobes 
more  or  less  anvil-shaped,  without  teeth. 

Male. — Size  7  to  8  mm.  Head  and  thorax  black  with  more  or  less  of 
the  tegulae  and  front  knees  and  tibiae  rufous,  abdomen  with  the  basal 
six  segments  rufous,  the  remainder  black.    Wings  as  in  female. 

Structurally  like  female,  except  that  the  postocellar  area  is  distinctly 
raised  and  the  post-tergite  is  often  smoother.  Hypopygium  short,  wide, 
and  almost  squarely  truncate.   GenitaHa  as  for  group. 

Lectotype. —  9,  Connecticut  (No.  1796).  Designated  in  manuscript  by 
Rohwer,  October  23,  1920.  In  the  collection  of  the  Yale  University,  New 
Haven,  Conn. 

Distribution. — This  form  is  very  numerous  and  widespread  in  the  fol- 
lowing states:  Connecticut,  Illinois,  Iowa,  Massachusetts,  Michigan, 
Minnesota,  Nebraska,  New  Hampshire,  New  Jersey,  New  York,  Ohio, 
Pennsylvania,  South  Dakota,  Wisconsin,  Manitoba,  Ontario  and  Quebec. 
In  addition  the  following  more  or  less  scattered  records  have  been  assem- 
bled: COLORADO:  Id^,  Col.;  \&,  Boulder,  May  18,  1901;  19,  West- 
cliff.  INDIANA:  1  9  ,  Ind.;  1  9  ,  E.  Chicago,  May  3.  KANSAS:  2  9  9, 
Douglas  County.  KENTUCKY:  1  9  ,  Russel,  Sept.  7,  1928  (R.  P.  John- 
son and  C.  H.  Kennedy).  MAINE:  1  9  ,  Me.  MISSOURI:  1  9  ,  St.  Louis. 
MONTANA:  1  9  ,  Summit  Station.  NORTH  DAKOTA:  1  9  ,  University, 
June,  1896.  TEXAS:  1  9 ,  Tex.  VERMONT:  1  9 ,  Rutland,  Aug.  1-5, 
1916.  ALBERTA:  1  9  ,  Lethbridge,  May  20,  1913  (H.  L.  Seamans);  1  9 , 
Lethbridge,  Aug.  5,  1923  (Gray). 

In  IlHnois  this  species  is  found  in  great  numbers  along  the  railroad 
where  the  banks  and  right-of-way  have  a  thick  and  well-estabhshed 
growth  of  grasses  and  horsetail  (Equisetum  arvense),  breeding  upon  the 
latter.  It  begins  to  appear  when  aprilis  is  at  the  height  of  its  numbers, 
and  when  similis  is  at  its  peak,  aprilis  is  decidely  on  the  wane.  Around 
Urbana  this  is  usually  during  the  latter  part  of  April  and  the  beginning  of 
May.  Similis  is  the  only  Nearctic  species  of  this  genus  to  be  reared  from 
the  larvae  (Yuasa,  1922). 

Dolerus  similis  var.  novicius  MacGillivray 
Dolerus  novicius  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  67;  Prison,  Bull. 
lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243. 
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Female. — Structurally  like  the  typical  form  of  similis.  Differs  in  color 
in  having  the  lateral  lobes  entirely  rufous  and  more  rufous  on  the  fore- 
legs, often  with  the  base  of  the  middle  tibiae  rufous. 

Type  — 9  ,  Hood  River,  Oregon,  July  28,  1914  (Childs).  In  the  Mac- 
Gillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Distribution. — This  variety  of  the  female  is  occasionally  found  among 
series  of  typical  similis  in  its  southern  range.  The  following  records  have 
been  examined:  IDAHO:  19,  Troy,  May  31,  1908.  ILLINOIS:  19, 
Algonquin,  Jn.  16,  1909  (Nason);  29,  Ogden,  May  26,  1928  (Ross). 
MASSACHUSETTS:  19,  Mass.;  19,  Hampshire  County.  MINNE- 
SOTA: 19,  Lake  Vaduais,  Jly.  31,  1917.  MONTANA:  19,  Beaver 
Creek.  NEBRASKA:  1  9 ,  Glen  Sioux  County,  4000  ft.  alt.,  Jly.  13,  1910 
(L.  Bruner).  NEW  JERSEY:  19,  Ramsey,  Jn.  23,  1917;  19,  English- 
town,  Jly,  1923;  19,  Matawan  (N.  BeutenmuUer).  NEW  YORK:  19, 
N.  Y.;  1  9  ,  Van  Cortlandt  Park,  Jn.  20,  1894.  PENNSYLVANIA:  1  9  , 
Lehigh  Gap,  Jly.  11,  1900.  SOUTH  DAKOTA:  29  9,  Cutler,  Jly.  18, 
1924.  ALBERTA:  19,  Lethbridge,  Jn.  1,  1922  (H.  L.  Seamans);  19, 
Lethbridge,  May  20,  1923. 

Dolerus  similis  var.  nummarius  MacGillivray 
Dolerus  nummarius  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  7,  July,  1923,  p.  159;  Prison,  Bull, 
lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  p.  243. 

Female. — Structurally  identical  with  the  typical  similis.  Differs  in  color 
in  having  the  thorax  entirely  black  except  for  the  front  knees  and  some- 
times an  indistinct  rufous  spot  on  collar.  Wings  with  a  larger  sub-stig- 
mal  area  infuscate. 

Type.—  9  ,  Edmonton,  Alberta,  June  2,  1917  (F.  S.  Carr).  In  the  Mac- 
Gillivray Collection,  University  of  Illinois,  Urbana,  111. 

Distribution. — This  dark  variety  is  correlated  with  high  altitudes  or 
northern  latitudes.  In  the  middle  latitudes  of  the  species'  range  it  is  mixed 
in  almost  equal  numbers  with  typical  similis,  but  in  the  northern  latitudes 
it  is  present  in  greater  numbers  than  any  other  color  phase.  It  is  common 
mixed  with  the  typical  form  in  Massachusetts,  Michigan,  Minnesota,  New 
York,  Manitoba,  Ontario  and  Quebec.  In  addition  it  has  been  taken  in 
the  following  localities:  COLORADO:  Ouray,  10,000  ft.  alt.,  Walden, 
8300  ft.  alt.,  and  Dolores.  NEW  HAMPSHIRE:  Franconia.  VERMONT: 
E.  Putney,  Jly.  4,  1916.  WYOMING:  1  9 ,  Yellowstone  Park,  Jly.  20, 
1925  (A.  A.  Nichol).  ALBERTA:  Edmonton  and  Banff,  in  June.  BRIT- 
ISH COLUMBIA:  Lillooett  and  Blue  River,  in  June  and  July.  MANI- 
TOBA: Winnepeg,  Aweme  and  Birtle,from  May  to  July.  NEW  BRUNS- 
WICK: Bathurst,  Jly.  6  (J.  N.  Knull).  N.  W.  TERRITORY:  1  9  ,  Salt 
River,  Jn.  6-15,  1926  (J.  Russell);  19,  Fort  Simpson,  Mackenzie  River, 
June  25,  1922  (C.  H.  Crickmay).  SASKATCHEWAN:  19,  Fort  a  la 
Corne,  Jly.  17,  1925  (K.  M.  King). 
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Dolerus  similis  var.  tibialis  Cresson 

Dolerus  tibialis  Cresson,  Trans.  Amer.  Ent.  Soc,  Vol.  VIII,  1880,  p.  52;  Dalla  Torre,  Cat. 

Hymen.,  Vol.  I,  1894,  p.  18. 
Dolerus  nervosus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1  to  3,  1923,  p.  31;  Prison, 

Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.  New  synonymy. 

Female. — Length  9  to  10.5  mm.  Head  black;  thorax  black  with  the 
tibiae  almost  entirely,  tegulae,  and  sometimes  indefinite  areas  on  meso- 
notum,  rufous;  six  basal  segments  of  abdomen  rufous,  apex  black.  Wings 
wholly  infuscate,  but  only  moderately  so,  deeper  at  base  and  slightly 
lighter  towards  apex. 

Structure,  including  genitalia,  identical  with  similis,  except  that  the 
halves  of  the  anterior  lobe  are  scarcely  carinate,  more  nearly  gently  con- 
vex; and  the  vertical  furrows  are  always  deep  and  trench-like,  making  the 
postocellar  area  more  quadrate. 

Male. — Length  8.5  to  9  mm.  Color  and  structure  similar  to  female 
Some  males  tend  towards  a  melanic  variety  and  have  only  the  bases  of  the 
tibiae  and  two  or  three  terga  rufous. 

Eolotype. — cT,  Washington  Territory.  In  the  collection  of  the  Phila- 
delphia Academy  of  Natural  Sciences,  Philadelphia,  Pa. 

Allotype. —  9  ,  same  data.  Apparently  from  the  same  series  from  which 
the  male  was  described.  Deposited  with  the  holotype.  Present  designa- 
tion. 

Distribution. — A  western  form,  known  from  about  TOcfcf  and  10  9  9 
from  the  typic  locality  and  1  9  ,  Colorado  Lake,  Oregon,  May  29  (E.  V. 
Storm),  the  type  of  nervosus. 

Dolerus  similis  var.  conjectus  new  variety 

Female. — In  size,  color  and  structure  for  the  most  part  like  tibialis 
but  differing  in  color  in  having  the  tibiae  entirely  black  instead  of  rufous. 

Holotype.—  9  ,  Creston,  British  Columbia,  May  28, 1926  (A.  A.  Dennys). 
Deposited  in  the  Canadian  National  Museum,   Ottawa,  Canada. 

Pcra/y^e^.— BRITISH  COLUMBIA:  69  9,  Creston,  May  18,  1923 
(C.  B.  Twigg);  5  9  9,  Creston,  Jly.  29,  1926  (A.  A.  Dennys);  1  9 ,  Oliver, 
May  16,  1923  (C.  B.  Garrett);  1  9 ,  Vernon,  June  2,  1926  (E.  R.  Buckell); 
1  9 ,  Revelstoke,  July  13,  1929  (H.  H.  Ross).  Deposited  in  the  collections 
of  the  Canadian  National  Museum,  the  Illinois  State  Natural  History 
Survey,  and  the  author. 

Known  only  from  the  Okanagan  and  Kootenay  River  valleys  in  the 
dry  belt  of  southern  British  Columbia.  This  variety  differs  from  typical 
similis  only  in  its  larger  size  and  infuscate  wings. 

Dolerus  similis  subsp.  nordanus  new  subspecies 

Female. — Differs  in  color  from  the  typical  similis  in  having  the  head 
and  thorax  entirely  black,  resembling  similis  nummarius.    The  abdomen 
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has  the  first  five  segments  rufous,  the  apex  black.  Wings  hyaline^  The 
head  is  slightly  more  robust  behind  the  eyes  than  in  the  typical  form, 
otherwise  it  is  structurally  identical  with  it.  The  sheath  is  of  the  longer 
(plesius)  type  (Figure  38),  and  is  midway  between  the  short-sheathed 
nummarius  and  the  typical  form  of  aprilis  in  this  regard. 

Male. — Similar  to  the  typical  form,  and  inseparable  from  it. 

Holotype  —  9 ,  Lethbridge,  Alberta,  May  20,  1923  (E.  H.  Strickland). 
Deposited  in  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111. 

Allotype.— d",  Lethbridge,  Alberta,  May  6,  1923  (E.  H.  Strickland). 
Deposited  with  holotype. 

ParflO'i'^5.— ALBERTA:  Icf,  6  9  9,  Lethbridge,  May  6  to  24,  1923 
(E.  H.  Strickland) ;  6  9  9  ,  Lethbridge,  May  2  to  20,  1922  and  1923  (H.  L. 
Seamans);  19,  Lethbridge,  May  10,  1923  (Walter  Carter);  19,  Banff, 
May  26,  1922  (C.  B.  Garrett).  BRITISH  COLUMBIA:  1  9  ,  Oliver,  May 
8,  1923  (B.  C.  Garrett).  WASHINGTON:  19,  Pullman,  May  15,  1901 
(C.  V.  Piper);  19,  Pullman  (C.  V.  Piper).  NEVADA:  19,  Nev.  In 
the  collections  of  the  U.  S.  National  Museum,  the  Canadian  National 
Museum,  the  University  of  Alberta,  the  Illinois  State  Natural  History 
Survey,  and  the  author. 

This  form,  taken  in  the  west  and  northwest,  resembles  similis  num- 
mariwi  and  aprilis  in  color,  and  is  separated  from  them  only  on  the  pro- 
portions of  the  sheath.  The  females  of  similis  with  the  black  thorax  from 
these  regions  possess  the  longer  sheath  with  great  constancy. 

Dolerus  similis  subsp.  fumatus  new  subspecies 

Female. — DiflFers  from  similis  nordanus  only  in  having  the  wings  uni- 
formly brown  infuscate. 

Male. — Similar  to  female.  Indistinguishable  from  the  males  of  similis 
conjectus  and  dark-winged  forms  of  similis  simulans. 

Holotype.— 9  ,  Starbuck,  Washington,  April  10,  1923  (M.  C.  Lane). 
In  the  U.  S.  National  Museum,  Washington,  D.  C. 

Allotype. — cf,  same  data  as  holotype.    Deposited  with  it. 

Paro/y/>e5.— WASHINGTON:  Scfd',  59  9,  same  data  as  holotype; 
19,  Walla  Walla,  May.  CALIFORNIA:  39  9,  Portola,  June  5,  1915 
(M.  C.  Van  Duzee).  UTAH:  1  9  ,  Utah  L.  In  the  MacGillivray  Collec- 
tion, and  the  collections  of  the  U.  S.  National  Museum,  the  Illinois  State 
Natural  History  Survey,  and  the  author. 

This  form  has  been  taken  only  on  the  Pacific  Coast.  Like  similis  nor- 
danus, the  sheath  is  of  the  long  form  upon  which  character  it  may  be  sep- 
parated  from  similis  conjectus. 

Dolerus  similis  subsp.  simulans  Rohwer 
Dolems  simulans  Rohwer,  Can.  Ent.,  Vol.  XLI,  No.  1,  Jan.,  1909,  p.  10. 
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Female. — Length  7.5  to  9  mm.  Head  black,  thorax  black  with  the 
prothorax,  anterior  and  lateral  lobes  and  tegulae  rufous,  legs  black,  ab- 
domen rufous  except  more  or  less  of  apical  two  or  three  segments  which 
may  be  black.  Anterior  lobe  sometimes  with  a  median  triangular  black 
area,  variable  in  size  and  extent.  Wings  uniformly  tawny  infuscate,  some- 
times very  lightly,  sometimes  darkly  so. 

Structure  almost  identical  with  typical  similis,  with  the  following  dif- 
ferences: halves  of  anterior  lobe  not  so  carinate,  but  slightly  so;  lateral 
lobes  a  trifle  less  densely  punctate.   Genitalia  identical  with  the  typical  form. 

Male. — 7.  to  7.5  mm.  in  length.  Color  entirely  black  except  the  six  basal 
segments  which  are  rufous.  Tegulae  black,  legs  black  except  a  minute  light 
ring  at  the  apices  of  the  front  femora.  Wings  hyaline  or  lightly,  evenly 
infuscate. 

Structure  as  in  female.  Differs  slightly  from  the  typical  similis  in 
usually  having  the  postocular  area  more  densely  punctate. 

Lectoiype. —  9,  Florissant,  Colorado,  June  2,  1907.  Labelled  by  the 
describer  as  type  at  the  time  of  preparation  of  the  original  description. 
Deposited  in  the  U.  S.  National  Museum,  Washington,  D.  C. 

Allotype.— d',  Ute  Creek,  Colorado,  9000  ft.  alt.,  June  24,  (L.  Bruner.) 
In  the  collection  of  the  University  of  Nebraska,  Lincoln,  Neb.  Present 
designation. 

Distribution.— COLORADO:  Ute  Creek,  9000  ft.  alt.,  Florissant,  West- 
cliflf.  Black  Lake,  Bondad  (6100  ft.  alt.),  Monte  Vista  (7650  ft.  alt.), 
Durango,  Colden  and  Electra  Lake  (8400  ft.  alt.),  from  May  to  July. 
IDAHO:  Icf,  19,  Bovil,  Jn.  17,  1911;  Id",  Moscow  Mt.,  June  3,  1911; 
Id',  Giveout  (8700  ft.  alt.),  July  7,  1920.  MONTANA:  cf  d'  and  9  9, 
Helen,  Gallatin  County,  Missoula  County,  and  Florence,  June  and  July. 
NEVADA:  Id",  1  9  ,  Nev.  NEW  MEXICO:  Id",  2  9  9  ,  Jemez  Springs, 
8500  ft.  alt.,  June  19,  1916  (J.  Woodgate);  Sd",  Fort  Wingate,  May  14, 
1908  (J.  Woodgate);  Id',  San  Ignacio,  June  (Cockerell).  UTAH:  19, 
Riverdale  (Weber  River),  June,  1926  (C.  J.  D.  Brown);  19,  Farr  West, 
(V.  M.  Tanner).  WASHINGTON:  2d'd^,  7  9  9,  Pullman,  May  12  to 
June  14.    WYOMING:  1  9  ,  Fort  Bridger,  June,  1926. 

This  form  is  essentially  western  in  distribution.  The  combination  of 
the  rufous  lateral  lobes  and  black,  or  almost  black,  knees,  the  occurrence 
of  a  black  area  on  the  anterior  lobe  and  the  slightly  smaller  size,  separate 
this  form  from  other  forms  of  similis.  In  the  absence  of  constant  structural 
differences,  however,  and  from  the  appearance  of  blackish  forms  which 
merge  into  similis  nummarius,  it  does  not  seem  well  enough  differentiated 
to  be  called  a  distinct  species. 

Dolerus  similis  subsp.  nescius  MacGillivray 
Dolerus  nescius  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  12;  Prison, 
BuU.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243. 
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Female. — Length  9.5  to  10.5  mm.  Head  black;  thorax  black,  with  the 
prothorax,  anterior  and  lateral  lobes,  tegulae  and  sometimes  front  tibiae, 
rufous;  abdomen  rufous  with  the  sheath  black.  Wings  lightly  infuscate, 
deeper  along  the  veins  and  at  base  of  wing. 

Structurally  almost  identical  with  similis,  with  the  following  differences: 
transverse  ridge  of  postocular  area  very  sparsely  punctate,  polished; 
vertical  furrows  deep;  disk  of  anterior  lobe,  lateral  lobes  and  pectus  only 
sparsely  punctate;  post-tergite  sometimes  nearly  smooth,  but  usually 
closely  striate;  sheath  as  in  Figure  37,  saw  as  in  similis  (Figure  59). 

Male. — Length  8.5  to  9  mm.  Body  entirely  black  except  terga  2  to  6 
and  sterna  1  to  7,  which  are  rufous.  Wings  moderately  tawny  infuscate, 
darker  at  base. 

Structure  similar  to  female,  genitalia  as  for  group. 

Type.— 9 ,  Kendrick,  Idaho,  April  14,  1900  (J.  M.  Aldrich).  In  the 
MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Allotype.— d",  Oliver,  British  Columbia,  May  11,  1923  (C.  B.  Garrett). 
Deposited  in  the  Canadian  National  Museum,  Ottawa,  Canada.  Present 
designation. 

Distribution.— NEVADA:  Icf,  89  9,  Elko.  WASHINGTON:  19, 
Spangle,  May  24,  1898.  BRITISH  COLUMBIA:  3crcr,  49  9,  Oliver, 
May  2  to  Aug.  10,  1923  (C.  B.  Garrett);  Icf,  Vernon,  May  3,  1903;  1  9  , 
Fairview,  Apr.  28,  1919  (E.  R.  Buckell)  19,  Fairview,  May  18,  1919 
(E.  R.  Buckell);  1  9  ,  Penticton,  May  20,  1919  (E.  R.  Buckell). 

This  subspecies  occurs  on  the  western  Rocky  Mountain  slope.  It  is 
separated  from  other  forms  of  similis  by  its  large  size,  entirely  rufous  ab- 
domen and  thoracic  lobes,  and  fuscous  wings.  It  may  be  confused  with 
coloradensis,  but  can  be  readily  separated  from  it  by  the  densely  punctate 
sides  of  the  anterior  lobe,  and  in  the  female  by  the  black  meso-episternum. 

Dolerus  nicaeus  MacGillivray 

Dolerus  nicaeus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  68;  Frison,  Bull. 

lU.  Nat.  ffist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243. 
Dolerus  nimhosus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1  to  3,  1923,  p.  33;  Frison, 

BuU.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.  New  synonymy. 
Dolerus  necessarius  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1  to  3,  1923,  p.  35;  Frison, 

Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.  New  synonymy. 

Female.— Length.  7.5  to  9  mm.    Color  entirely  black.    Wings  hyaline. 

Structure  identical  with  similis,  with  the  following  differences:  post- 
ocular  area  usually  slightly  shrunken,  not  robust,  the  transverse  ridge  either 
shining  or  punctate;  post-tergite  usually  distinctly  striate,  but  sometimes 
indistinctly  so.    Genitalia  as  in  Figures  34  or  38,  and  59. 

Male. — Length  7  to  8  mm.  Color  and  structure  similar  to  female,  but 
with  postocular  area  usually  densely  punctate  with  only  a  small  shining 
area.   Genitalia  as  for  group. 
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Type. —  9,  Chilliwack,  Cultus  Lake,  British  Columbia,  May  31, — 
(F.  C.  Ewing).  In  the  MacGillivray  Collection,  University  of  Illinois, 
Urbana,  111. 

Allotype.— d",  Corvallis,  Oregon,  April  8,  1928  (H.  A.  Scullen).  De- 
posited in  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111.    Present  designation. 

Distribution.— IDAHO:  19,  Moscow.  OREGON:  cfcf  and  9  9, 
Corvallis,  Oregon  City,  Marion,  King's  Valley,  Eugene,  from  April  to 
August.  WASHINGTON:  4d^d',  3  9  9  ,  Pullman,  April  and  May.  BRI- 
TISH COLUMBIA:  cfcf  and  9  9,  Vancouver,  Agassiz,  Chilliwack, 
Victoria,  Huntingdon,  Penticton,  Post  Hammond,  Cranbrook,  Okana- 
gan,  from  May  to  July.  ALASKA:  Icf ,  Berg  Bay,  June  10,  1899  (T.  Kin- 
caid). 

This  is  the  commonest  species  of  Dolerus  in  the  humid  wet  belt  of  the 
Pacific  Coast.  It  is  separated  from  members  of  the  sericeus  group  by  its 
rotund  hind  tibiae,  from  elderi  melanus  by  its  larger  size,  rougher  post- 
ocular  area  and  different  type  of  punctuation  of  the  pleurae,  and  from 
nasutus,  which  it  closely  resembles,  by  the  rougher  and  punctate  postocu- 
lar  area,  having  no  bluish  tinge  to  the  area  between  the  eyes  and  ocelli, 
the  meso-episternum  having  rough  and  more  or  less  unequal  punctures, 
the  pectus  being  densely  but  finely  punctate  adjacent  to  the  pleurae,  and 
in  the  female  by  the  wider  sheath  with  the  distinct  lateral  carina.  Neo- 
aprilis  konowi  differs  in  the  very  deeply  depressed  pleurae  and  longer 
hypopygium,  and  neocollaris  narratus  in  the  long  postocular  area. 

Dolerus  aprilis  (Norton) 

Dosytheus  aprilis  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  152;  Cresson, 

Proc.  Ent.  Soc.  Philadelphia,  Vol.  IV,  1865,  p.  243. 
Dolerus  aprilis  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  236;  Provancher,  Nat.  Canad., 

Vol.  X,  1878,  p.  71;  Provancher,  Faun.  Ent.  Can.,  Hymen.,  1883,  p.  197;  Dalla  Torre, 

Cat.  Hymen.,  Vol.  I,  1894,  p.  3;  MacGiUivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv., 

1916,  p.  74. 
Dolerus  dysporus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  128;  Prison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.  New  synonymy. 

Female. — Length  8  to  9  mm.  Head  and  thorax,  including  legs,  black, 
abdomen  rufous  with  apical  three  segments  black.  Wings  hyaline,  some- 
times with  an  infuscate  area  in  centre  or  at  apex  of  wing. 

Structurally  almost  identical  with  similis,  differing  slightly  as  follows: 
transverse  ridge  of  postocular  area  usually  densely  punctate;  meso-epis- 
ternum with  more  linear  and  slightly  larger  punctures.  Sheath  long  and 
rhomboidal  (Figure  39),  very  black,  posterior  margin  oblique,  forming  an 
angle  with  ventral  margin;  cerci  never  attaining  more  than  one-half  length 
of  sheath;  saw  similar  to  similis,  usually  having  the  alae  a  little  larger  in 
the  central  region  of  the  saw. 
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Male. — Averages  a  millimetre  longer  than  similis;  practically  identical 
with  similis,  usually  differing  as  follows:  postocular  area  flatter,  dull  and 
punctate,  without  a  shining  transverse  ridge;  anterior  lobe  more  densely 
punctate  on  disk,  more  coarsely  on  sides.  These  differences  frequently 
break  down,  and  it  is  often  impossible  to  separate  the  males  of  these  two 
species. 

Neotype. —  9,  Seymour,  Illinois,  April  15,  1929  (Frison  and  Ross). 
Deposited  in  the  collection  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111. 

Distribution. — Specimens  of  this  species  have  been  examined  from  the 
following  localities:  COLORADO:  Florissant.  CONNECTICUT:  Corn- 
wall. ILLINOIS:  Algonquin,  Urbana,  Seymour,  Savoy,  Chebanse,  Loda, 
Ashkum,  White  Heath,  St.  Joseph,  Ogden,  Adair,  Macomb,  Bryant  and 
Pleasant  Plains.  IOWA:  Mt.  Pleasant.  MASSACHUSETTS;  Beverly, 
Chicopee,  Amherst,  Lawrence,  Arlington.  MICHIGAN:  Douglas  Lake, 
Ann  Arbor.  MINNESOTA:  St.  Paul.  NEW  HAMPSHIRE:  Franconia. 
NEW  JERSEY:  Clementon,  Snake  Hill.  NEW  YORK:  Ithaca  Palisades, 
Richfield  Springs,  Albany,  Potsdam,  Bethlehem,  New  York  City,  Utica, 
Flushing  and  White  Plains.  OHIO:  Ohio.  PENNSYLVANIA:  Conawego. 
VIRGINIA:  Fort  Monroe.  ONTARIO:  Ottawa.  QUEBEC:  Montreal, 
St.  Hilaire. 

This  species  occurs  in  its  greatest  abundance  in  April  and  May,  with 
occasional  records  in  June  and  August.  It  is  usually  a  fairly  rare  species 
in  collections,  but  in  the  Dolerus  habitats  around  Urbana  was  taken  in 
great  numbers  during  the  last  two  weeks  of  April.  It  came  into  the  picture 
earlier  than  similis,  which  took  its  place  later  in  the  season  after  aprilis 
had  declined  in  numbers.  It  occurs  throughout  the  eastern  and  central 
part  of  the  continent,  and  probably  is  as  numerous  as  similis  in  most  habi- 
tats, but  has  not  yet  been  taken  in  large  numbers  because  of  a  lack  of  early 
collecting. 

In  the  female  the  color  of  the  body  and  shape  of  the  sheath  are  easily 
recognizable  features  of  this  species.  The  male  runs  down  with  similis, 
and,  as  stated  in  the  description,  is  not  easy  to  separate  from  it. 

Dolerus  aprilis  var.  nocivus  MacGillivray 

Dolerus  nocivus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  12;  Frison, 
BuU.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243. 

Female. — Structurally  identical  with  the  typical  form.  Differs  in  color 
as  follows:  thorax  with  the  prothorax,  anterior  lobe,  tegulae,  upper  portion 
of  meso-episternum,  front  knees  and  sometimes  a  posterior  spot  on  the 
lateral  lobes,  rufous.    Wings  as  in  the  typical  form. 

Type.— 9 ,  Ames,  Iowa,  May  12,  1918  (H.  A.  Scullen).  In  the  Mac- 
Gillivray Collection,  University  of  Illinois,  Urbana,  111. 
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Distribution. — Only  the  following  records  have  been  assembled  from 
material  other  than  that  taken  in  Illinois:  IOWA;  1  9  ,  Mt.  Pleasant,  May 
5,  1926.  NEW  YORK:  2  9  ,  Ithaca,  April  and  May;  1  9  ,  Richfield  Springs. 
SASKATCHEWAN:  19,  Oxbow,  June  18,  1907  (F.  K.  Knab).  Several 
hundred  specimens  have  been  taken  in  Illinois  from  the  following  localities: 
Danville,  Muncie,  White  Heath,  Algonquin,  Seymour,  St.  Joseph,  Ogden, 
Savoy,  Loda,  Chebanse,  Ashkum,  Urbana,  Canton,  Adair,  Macomb, 
Pleasant  Plains,  Sparland  and  Woodford.  In  Illinois  this  variety  has 
slightly  outnumbered  the  typical  form,  the  two  being  taken  together  at 
almost  all  the  localities  without  respect  to  advance  of  season.  This  form 
has  usually  been  identified  as  similis,  but  may  be  easily  separated  from  it 
by  the  long,  rhomboidal  sheath  and  the  short  cerci. 

Dolerus  coloradensis   Cresson 

Dolerus  coloradensis  Cresson,  Trans.  Amer.  Ent.  Soc,  Vol.  VIII,  1880,  p.  11;  Dalla  Torre 
Cat.  Hymen.,  Vol.  I,  1894,  p.  4;  Rohwer,  Can.  Ent.,  Vol.  XLI,  No.  1,  Jan.,  1909,  p.  11; 
Cresson,  Mem.  Amer.  Ent.  Soc,  No.  1,  1916,  p.  4. 

Dolerus  tejoniensis  Weldon,  Can.  Ent.,  Vol.  XXXIX,  No.  4,  Sept.,  1907,  p.  303. 

Female. — Length  9.5  to  11.5  mm.  Head  black,  sometimes  with  the 
clypeus  entirely  or  partly  rufous;  thorax  mostly  rufous  with  the  scutum, 
post-tergite,  part  of  posterior  margin  of  metathorax,  all  or  the  median 
half  of  pectus,  sometimes  margins  of  meso-episternum,  meso-epimeron 
entirely,  most  of  metapleurae,  and  legs  entirely,  black;  abdomen  rufous 
except  sheath  which  is  black.    Wings  moderately  to  deeply  infuscate. 

Proportions  of  head  and  antennae  as  for  similis.  Structurally  very  simi- 
lar, but  with  a  greatly  reduced  punctuation;  postocular  area  shining,  al- 
most imperceptibly  punctate,  posterior  margin  with  a  rounded,  distinct 
carina;  postocellar  area  shining,  fairly  densely  punctate;  both  anterior 
and  lateral  lobes  polished,  evenly  minutely  punctate;  post-tergite  triangu- 
lar, striate  and  sharply  carinate;  pleurae  and  pectus  shining,  pleurae  with 
large,  smooth  punctures,  pectus  polished,  very  minutely  punctate.  Geni- 
talia* as  for  similis. 

Male. — Length  9  to  10  mm.  Head  and  thorax  entirely  black,  abdomen 
rufous  except  apical  segment  which  is  black. 

Structure  as  in  female,  genitalia  as  for  group. 

Type. —  9 ,  Colorado.  In  the  collection  of  the  Academy  of  Natural 
Sciences,  Philadelphia,  Pa. 

Distribution— COLORADO:  6&&,  14  9  9  ,  Col.;  Scfc?',  2  9  9  ,  Ute 
Creek,  Jly.  11  to  Aug.  1  (R.  W.  Dawson);  1  9  ,  Fort  Collins;  Icf ,  2  9  9 , 
Westcliff;  19,  Monte  Vista,  7650  ft.  alt.,  Jn.  16,  1919;  Ic^d",  19,  Fort 
Collins,  Jn.  13,  1901;  \&,  Livermore;  29  9,  Estes  Park.  MONTANA: 
5cf  cf,  49  9,  Mon.;  Icf,  East  Flathead,  5700  ft.  alt.,  Jly.  25,  1902;  19, 
Bozeman,  4400  ft.  alt.,  Jn.  13,  1903;  19,  Gallatin  County,  Jn.  17,  1904; 
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1  9  ,  Jefferson  County,  May  22,  1926.  NEW  MEXICO:  1  9 ,  Las  Vegas, 
Mar.  3  (Barber  and  Schwarz);  19,  Peco,  Jly.  13  (T.  D.  A.  Cockerell). 
WYOMING:  Ic^,  Cheyenne  (C.  V.  Riley). 

This  species  may  be  separated  from  similis  nescius  by  having  the  sides 
of  the  anterior  lobe  impunctate,  polished,  and  from  tejoniensis,  with  which 
it  has  often  been  confused,  by  the  punctate  postocular  area,  the  punctate 
scutum,  punctures  of  the  meso-episternum  being  rough,  close  and  reticu- 
late, with  sharp  walls,  the  shape  of  the  saw  in  the  female,  and  the  black 
thorax  and  the  apex  of  the  abdomen  in  the  male. 

Dolerus  tejoniensis  (Norton) 

Dosytheus  tejoniensis  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  154. 
Dolerus  tejoniensis  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  239;  Dalla  Torre,  Cat. 

Hymen.,  Vol.  I,  1894,  p.  17;  Rohwer,  Can.  Ent.,  Vol.  XLI,  No.  1,  Jan.,  1909,  p.  11. 
Dolerus  coccinifera  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  IV,  1872,  p.  82;  Cresson,  ibid.  Vol. 

VIII,  1880,  p.  34;  Cresson,  Mem.  Amer.  Ent.  Soc,  No.  5,  1928,  p.  5.  New  synonymy. 
Dolerus  coccinifer  Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  4. 

Female. — Length  10.5  to  12  mm.  Head  black;  thorax  rufous,  except 
pectus,  legs,  and  usually  meso-episternum  entirely,  but  sometimes  only 
the  lower  portion,  and  sometimes  a  small  median  area  on  anterior  lobe, 
black;  abdomen  rufous  except  sheath  which  is  black.  Wings  deeply  in- 
fuscate,  violaceous. 

Head  below  vertex  roughly  reticulate,  vertex  polished,  minutely  and 
sparsely  punctured;  postocular  area  length  of  eye,  seen  from  above,  with 
a  small  transverse  ridge,  and  a  posterior  carina;  vertical  furrows  very  wide, 
deep;  postocellar  area  quadrate,  very  convex  and  prominent;  antenal 
lengths  as  in  similis,  but  each  segment  slightly  narrower  at  the  base,  giv- 
ing a  more  or  less  doubly  serrate  appearance.  Anterior  and  lateral  lobes 
and  pectus  very  highly  polished,  impunctate  except  for  one  or  two  very 
minute  pits;  tarsal  claws  with  a  medium-sized  tooth.  Sheath  as  in  Figure 
37;  saw  after  the  same  fashion  as  similis,  but  differs  as  follows: lance 
scalloped,  not  serrate;  alae  large,  alar  spurs  very  large,  somewhat  blunt, 
ventral  spines  reduced;  spurettes  distinct;  lobes  with  several  rounded 
teeth  (Figure  60). 

Male.— Length.  11  to  12  mm.  Head  black;  dorsum  of  thorax  entirely 
rufous  or  with  anterior  lobe  and  scutum  black;  pectus,  pleurae  and  legs 
black;  abdomen  rufous.    Wings  violaceous. 

Structure  similar  to  female.  Clypeus  usually  normal  but  sometimes 
almost  truncate,  or  slightly  sinuate.  Hypopygium  with  sides  of  apex 
slightly  convex,  apical  margin  slightly  concave.  Genitalia  differing  from 
the  group  type  in  having  the  apices  of  the  praeputium  widely  spreading, 
and  the  gonocardo  a  thin  band  of  equal  width  for  its  entire  length.  The 
base  of  the  praeputium  is  even  less  pointed  than  in  Figure  68. 
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Lectotype. —  9  ,  Fort  Tejon,  California.  In  the  collection  of  the  Acad- 
emy of  Natural  Sciences,  Philadelphia,  Pa.  This  old  specimen  was  found 
in  the  undetermined  duplicates  in  the  collection  of  the  Academy  at  Phila- 
delphia, and  bore  a  small  hand-printed  label  "Ft.  Tejon,  Cal.",  and  be- 
neath it  a  larger  label  with  a  red  ink  border  with  the  handwriting  "Dolerus 
tejoniensis  Norton."  Since  the  specimens  from  which  he  drew  up  the  de- 
scription of  this  species,  and  which  he  stated  belonged  to  the  Smithsonian 
Institute,  can  not  be  found  in  that  institution,  it  has  been  assumed  that 
this  specimen  is  one  of  the  two  originally  examined  by  Norton,  and  it  has 
been  remounted  on  a  modern  pin  and  designated  as  the  lectotype. 

Distribution. — Restricted  to  the  southwestern  corner  of  the  United 
States.  Specimens  have  been  examined  from  the  following  localities: 
CALIFORNIA:  cf  cf  and  9  9,  Alameda  County,  Los  Angeles  County, 
San  Jacinto  Mts.,  Soda  Springs,  Lundy  (8000  ft.  alt.),  Shasta,  Redlands, 
Ventura  County,  Fort  Tejon,  Woyden,  San  Diego,  Sacremento,  Topico, 
from  March  to  October.  NEVADA:  lOcfcf,  29  9,  Nev.;  Icf,  Reno. 
NEW  MEXICO:  1  9  ,  Alamogordo,  May  12,  1902.    UTAH:  1  9  ,  Ut. 

The  only  species  with  which  this  is  likely  to  be  confused  is  coloradensis, 
from  which  it  may  be  separated  in  the  female  by  the  very  convex  and 
shining  postocellar  area  and  anterior  lobes,  the  polished  and  practically 
impunctate  scutum,  the  punctures  of  the  meso-episternum  being  sepa- 
rated by  wide  and  polished  walls,  the  meso-episternum  merging  smoothly 
into  the  pectus,  and  the  saw;  and  in  the  male  by  the  rufous  on  the  dorsum 
of  the  thorax  and  by  the  entirely  rufous  abdomen. 

The  male  genitalia  of  this  species  are  almost  intermediate  in  proportion 
between  the  similis  and  neoaprilis  groups,  but  the  saw  shows  very  decided 
afl&nities  with  the  similis  group,  so  the  species  is  placed  with  the  latter. 

NEOAPRILIS  GROUP 

This  group  was  erected  for  the  single  species  neoaprilis,  the  genital 
characters  of  which  separate  the  group  from  other  members  of  the  genus. 

Dolerus  neoaprilis  MacGillivray 

Dolerus  neoaprilis  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  126;  MacGillivray 
Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  70;  Prison,  Bull.  111.  Nat.  Hist.  Surv., 
Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242. 

Dolerus  nivatiis  MacGillivray,  Jour.  N.  Y.  :Ent.  Soc,  Vol.  XXXI,  No.  4,  Dec,  1923,  p.  164; 
Prison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.  New  synonymy. 

Female. — Length  9  to  12  mm.  Body  black,  with  the  front  knees  and 
from  two  to  six  abdominal  segments  rufous.  Wings  hyaline,  faintly  stained 
below  stigma  and  towards  apex. 

Head  below  vertex  very  rough;  clypeus  very  deeply  notched,  cleft 
one-half  its  length;  postocular  area  length  of  eye,  seen  from  above,  robust, 
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but  narrower  than  width  of  head  through  eyes;  with  a  low  transverse 
ridge  and  a  distinct  posterior  carina;  the  transverse  ridge  shining  and 
sparsely  punctured,  and  the  region  near  the  lateral  ocelli  shagreened; 
vertical  furrows  linear  and  indistinct  or  shallow  and  trough-shaped;  post- 
ocellar  area  quadrate,  only  slightly  convex,  and  but  a  little  raised  above 
level  of  postocular  area,  shining,  with  fairly  large  punctures;  antennae 
filiform,  slightly  bilaterally  compressed  near  base,  third  segment  a  little 
longer  than  fourth,  remainder  almost  equal.  Mesonotum  densely  punc- 
tured; disk  of  anterior  lobe  shining,  with  fairly  large  punctures,  sides  with 
large,  rugose  punctures;  halves  of  anterior  lobe  convex,  not  carinate; 
lateral  lobes  dull,  disk  more  sparsely  punctate  than  remainder;  post- 
tergite  stocky  in  outline,  shining,  unstriate  or  granularly  so,  striations 
rounded,  not  sharp,  median  carina  only  on  basal  (  =  anterior)  half,  pos- 
terior margin  rounded;  meso-episternum  deeply  depressed  above  pectus, 
very  coarsely  and  roughly  rugose,  rugosities  maintaining  their  size  to  mar- 
gin of  pectus;  pectus  very  sharply  set  off  from  pleurae,  slightly  concave 
laterally,  dull,  shagreened  and  closely  punctured,  sometimes  slightly  glossy; 
diagonal  row  wanting;  tarsal  claws  with  a  fairly  large  tooth.  Sheath 
stocky  in  appearance  (Figure  36),  ventral  margin  uniformly  convex, 
dorsal  margin  convex  or  appearing  nearly  straight,  lateral  face  with  a 
strong  carina  at  base,  usually  fading  before  reaching  apical  half  of  sheath 
but  sometimes  suggested  for  the  entire  length  by  the  contour;  sheath 
clothed  with  short,  black,  stiff  setae,  tufted  at  apex,  a  few  lateral  ones 
slightly  longer  and  curved;  cerci  attaining  one-half  to  three-quarters  length 
of  sheath.  Saw  as  in  Figure  3;  lance  scalloped,  not  serrate;  lancet  with 
alae  and  alar  spurs  large  and  distinct,  lacking  alar  spines  but  with  ven- 
tral spines,  spurettes  large  and  separate,  lobes  step-like,  minutely  den- 
tate. 

Male. — Length  7.5  to  10  mm.  Color  and  structure  as  in  female,  with 
the  following  differences  in  structure:  third  and  fourth  antennal  segments 
equal,  flagellum  regularly  setaceous;  halves  of  anterior  lobe  more  sharply 
convex,  lateral  portions  more  finely  punctured;  hypopygium  very  long 
and  large,  very  convex  ventrally,  sides  of  apex  concave,  apex  almost  trun- 
cate, fairly  narrow. 

Type. —  9,  Nebraska  (F.  Rauterberger).  In  the  MacGillivray  Collec- 
tion, University  of  Illinois,  Urbana,  111. 

Allotype. —  cf,  Seymour,  Illinois,  April  15,  1929  (Frison  and  Ross). 
Deposited  in  the  collecton  of  the  Illinois  State  Natural  History  Survey, 
Urbana,  111.    Present  designation. 

Distribution.— COLORABO:  19,  Garland;  19,  Veta  Pass.  ILLI- 
NOIS: 19,  Seymour,  Apr.  14,  1929  (Park  and  Ross);  20^0^,  Seymour, 
Apr.  15,  1929  (Frison  and  Ross);  Icf ,  Muncie,  Apr.  16,  1929  (Frison  and 
Ross) ;  1  cT,  2  9  9  ,  Adair,  May  4, 1929  (T.  H.  Frison) ;  1  of,  Pleasant  Plains, 
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May  2, 1929  (T.  H.  Frison) ;  many  cf  cf ,  9  9  , Sherman,  April  2,  and  Dixon, 
Garden  City  and  Grand  Detour,  May  15-16,  1930  (Frison  and  Ross). 
IOWA:  19,  Mt.  Pleasant,  May  5,  1926.  MASSACHUSETTS:  19, 
Springfield,  May  4,  1903  (F.  K.  Knab).  MICHIGAN:  2  9  9,  Cheboygan 
County,  June,  1928  (C.  H.  Kennedy).  MINNESOTA:  19,  St.  Paul, 
June  7,  1911.  NEW  HAMPSHIRE:  1  9  ,  N.  H.;  Icf ,  1  9  ,  Franconia;  1  9  , 
Mt.  Washington.  NEW  YORK:  19,  Utica;  29  9,  Newport,  June  26, 
1902;  1  9  ,  Albany,  May  23,  1903.  SOUTH  DAKOTA:  2  9  9  ,Brookings; 
19,  Englewood,  June  18,  1925.  ALBERTA:  39  9,  Banff,  June  1,  1922 
(C.  B.  Garrett).  BRITISH  COLUMBIA:  19,  Blue  River,  Jly-Aug., 
1926  (W.  F.  McCullough).  MANITOBA:  3  9  9,  Aweme,  June  and  July, 
(Criddle  and  Bird);  19,  Treesbank,  June  26,  1926  (R.  D.  Bird);  Icf, 
Birtle,  May  30,  1928  (R.  D.  Bird).  N.  W.  TERRITORY:  1  9 ,  Ft.  Provi- 
dence, Mackenzie  River,  Jly.  8,  1903  (Mack);  1  9  ,  Ft.  Simpson,  Mackenzie 
River,  June  25,  1922  (C.  H.  Crickmay).  NOVA  SCOTIA:  1  9  ,  Bridgetown, 
June  11,  1913  (G.  E.  Saunders);  1  9  ,  Truro,  Jly.  4,  1913  (R.  Matheson). 
ONTARIO:  1  9  ,  Nipigon,  June  19,  1913  (F.  M.  Walker);  2cf  cf ,  1  9  ,  Sud- 
bury; 19,  Hillier,  Nov.  10,  1911  (Evans).  QUEBEC:  2  9  9,  Megantic, 
June  2,  1923  (C.  H.  Curran);  19,  Ft.  Coulonge,  June  11,  1918  (J.  L. 
Beaulne);  1  9  ,  Lanoraie,  June  18,  1915  (Beaulne);  1  9 ,  Shawbridge,  May 
28,  1922  (J.  W.  Buckle).  ALASKA:  29  9,  Kukak  Bay,  Jly.  4,  1899  (T. 
Kincaid);  29  9,  Orea,  June  27,  1899  (T.  Kincaid);  2c?' cT,  19,  Yakutat, 
May  26  to  July  4,  1899  (T.  Kincaid);  Icf ,  Katmai,  Jly.  19,  1919  (A.  E. 
Miller). 

Apparently  a  wide-spread  northern  species  which  has  also  been  taken 
in  large  numbers  in  certain  localities  along  the  railroads  in  Illinois. 

The  female  of  this  species  is  at  once  separated  from  all  others  in  the 
genus  by  the  peculiar  sheath  with  the  black,  bristly  setae,  and  by  the  saw. 
It  is  also  characterized  by  the  deeply  emarginate  clypeus  and  the  depressed 
pleurae  with  the  ridge-like  boundaries.  The  male  can  be  separated  from 
the  members  of  the  similis  group  which  it  resembles  in  color  by  the  deeply 
cleft  clypeus,  the  rugose  and  depressed  pleurae  with  the  sharp  walls  around 
the  depression,  and  the  longer  and  more  convex  hypopygium.  It  is  separ- 
ated from  frisoni  by  lacking  a  procidentia  and  from  apriloides  by  having 
the  walls  of  the  depression  of  the  pleurae  sharp  and  not  obscured  by  large 
rugosities. 

Dolerus  neoaprilis  subsp.  konowi  MacGillivray 

Dolerus  konowi  MacGiUivray,  Can.  Ent.,  Vol.  XL VI,  No.  3,  Mar.,  1914,  p.  106;  Frison,  Bull. 

lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241. 
Dolerus  numerosus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  Mar.,  1923,  p.  67;  Frison,  Bull. 

m.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.   New  synonymy. 
Dolerus  nidulus  MacGillivray,  Ins.  Insc.  Mens.,  Vol.  XI,  Nos.  1  to  3, 1923,  p.  31;  Frison,  Bull. 

111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.  New  synonymy. 
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Both  sexes  structurally  identical  with  typical  neoaprilis,  diflfering  only 
in  being  entirely  black. 

Type.— 9  ,  Olympia,  Washington,  June  20,  1893  (T.Kincaid).  In  the 
MacGillivray  Collection,  University  of  Illinois,  Urbana,  111. 

Lectoallotype.—  d',  Olympia,  Washington,  April  20,  1894  (T.  Kincaid). 
In  the  MacGillivray  Collection,  University  of  Illinois,  Urbana,  111.  (Prison, 
1927). 

Distribution— CALlFORmA:  1  9  ,  Strawberry,  Jly.  6,  1919.  IDAHO: 
1  9 ,  Kendrick,  Apr.  4,  1908;  3  9  9,  Moore's  Lake,  Jly.  10,  1907.  ORE- 
GON: 1  9  ,  Ore.;  1  9  ,  Forest  Grove;  3  9  9,  Waldport,  Apr.  23,  1926  (J.  E. 
Davis);  29  9,  Corvallis.  BRITISH  COLUMBIA:  cf  cf  and  9  9,  Agas- 
siz.  Port  Hammond,  Chilliwack,  Hedley,  Vancouver,  Royal  Oak,  Met- 
lakatla,  Victoria,  Prince  Rupert,  taken  in  April  and  May. 

A  melanic  race  of  neoaprilis  occurring  solely  on  the  Pacific  slope.  It 
is  usually  taken  with  nicaeus  and  nasiitus,  with  which  it  agrees  in  color. 
From  these  and  all  other  black  species,  however,  it  can  be  distinguished 
in  the  female  by  the  sheath  and  saw,  in  the  male  by  the  long,  convex 
hypopygium,  and  in  both  sexes  by  the  depressed  and  rugose  pleurae  and 
the  deeply  cleft  clypeus. 

FRISONI  GROUP 
Erected  to  accommodate  the  single  species  frisoni. 

Dolerus  frisoni  new  species 

Male. — Length  11  mm.  Head  and  thorax  black,  except  tegulae  and 
front  tibiae  and  basitarsus  and  middle  tibiae,  which  are  rufous;  abdomen 
rufous  with  apex  of  segment  six  and  the  remaining  apical  segments  black. 
Wings  hyaline. 

Structure  somewhat  similar  to  apriloides  and  neoaprilis.  Head,  ex- 
cept vertex,  closely  reticulate;  robust,  but  narrowed  behind  eye;  postocu- 
lar  area  slightly  shorter  than  eye,  seen  from  above,  with  a  rounded,  trans- 
verse ridge,  posterior  margin  feebly  carinate;  the  median  portion  flat, 
sparsely  punctate  and  dull,  the  posterior  portion  closely  punctate;  vertical 
furrows  moderately  deep,  narrow  and  linear;  postocellar  area  quadrate, 
scarcely  convex,  sparsely  punctate  and  dull;  clypeus  notched  about  half 
its  length;  flagellum  of  antenna  thick,  slightly  compressed  at  base,  first 
three  segments  subequal,  remainder  very  gradually  decreasing  towards 
apex.  Disk  of  anterior  lobe  densely  punctate  and  dull,  sides  densely 
punctate  with  two  or  three  large  rugosities  on  the  lateral  corner;  lateral 
lobes  moderately  densely  punctured,  dull;  post-tergite  subcrescentic, 
stout,  shining,  with  a  few  polished  striations,  rounded  on  the  meson,  but 
not  carinate;  meso-episternum  with  extremely  large,  irregular  rugosities, 
very  rough  in  appearance,  fairly  deeply  depressed  above  pectus,  posterior 
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wall  of  depression  ridge-like  and  distinct,  ventral  and  anterior  walls  in- 
definite, obscured  by  the  large  rugosities;  pectus  very  sharply  defined, 
densely  punctate  and  shagreened;  diagonal  row  fairly  distinct,  linear; 
hind  tibiae  not  longitudinally  grooved;  tarsal  claws  with  a  moderate  tooth 
two-thirds  distance  from  base.  Eighth  tergite  with  a  median  procidentia 
extending  the  whole  length  of  the  segment,  gradually  ascending  from  the 
base,  sharply  carinate,  with  a  small  elevation  at  apex;  hypopygium  long, 
wide  and  convex,  lateral  margins  concave,  apical  margin  concave,  angles 
rounded.  Genitalia  as  in  Figure  69;  praeputium  with  a  narrow  apical 
cleft,  apices  large,  wide  and  long;  gonocardo  fairly  wide,  narrowed  on  the 
meson;  pedes  narrow,  sides  parallel,  apices  rounded. 

Holotype. —  9,  Cook  County,  Illinois  (E.  B.  Chope).  In  the  collection 
of  the  Field  Museum  for  Natural  History,  Chicago,  111. 

Known  only  from  the  holotype.  It  may  be  readily  separated  from  all 
other  species  of  the  genus  by  the  combination  of  a  rufous  abdomen  with 
a  procidentia  on  the  eighth  tergite,  and  by  the  depressed  pleurae,  with 
the  largest  rugosities  that  are  found  in  the  nearctic  members  of  the  genus. 
The  relationship  of  this  species  is  not  clear,  for  the  procidentia  suggests 
the  sericeus  group,  and  the  punctuation,  clypeus  and  genitalia  show  dis- 
tinct affinities  to  the  neoaprilis  group.  Until  the  female  is  discovered  and 
the  saw  characters  are  known,  it  seems  best  to  place  this  group  close  to 
the  neoaprilis  group,  following  chiefly  the  evidence  of  punctuation  and  the 
genitalia. 

This  unique  species  is  named  in  honor  of  Dr.  T.  H.  Frison  who  has  con- 
tributed such  a  great  deal  to  the  completion  of  this  paper. 

Subgenus  Loderus  Konow 

Dosytheus  Cresson,  Proc.  Ent.  Soc.  Phil.,  Vol.  1,  Aug.,  1861,  p.  37. 

Dolerus  Sectio  I  {Dosytheus)  Thomson,  Hymen.  Scandin.,  Tom.  I,  1871,  p.  279. 

Loderus  Konow,  Deut.  Ent.  Zeits.,  Vol.  34,  1890,  p.  240. 

Loderus  Ashmead,  Can.  Ent.,  Vol.  XXX,  No.  12,  Dec,  1898,  p.  306. 

Loderus  Konow,  Gen.  Insectorum,  Hymen.,  Fam.  Tenth.,  1905,  p.  110  and  115. 

Loderus  Enslin,  Deut.  Ent.  Zeits.,  Beiheft,  1913,  p.  157. 

Loderus  MacGiUivray,  BuU.  No.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  76. 

Eyes  long,  distinctly  emarginate  on  their  mesal  margin;  malar  space 
short,  usually  less  than  half  the  length  of  first  antennal  segment,  but  in 
L.  acidus  MacG.  sometimes  nearly  as  long  as  first  segment.  Face  clad 
with  dense,  fine  pile,  clypeus  partly  piceous  or  whitish  in  the  nearctic  species 
which  are  partly  rufous;  vertex  shining,  at  most  sparsely  punctate.  Tar- 
sal claws  either  without  a  tooth  or  with  a  small  one,  in  the  female  never  as 
large  as  in  Dolerus  s.  st. 

Genotype. — Tenthredo  pratorum  Fallen  (original  designation  by  Konow, 
1890.). 
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KEY  FOR  THE  SEPARATION  OF  THE  NEARCTIC  SPECIES 

1.  Body  entirely  black napaeus  MacG. 

-.   Abdomen  and  legs  partly  rufous 2 

2.  Pleurae  coarsely  pitted,  punctures  round  and  distinct;  vertical  furrows  trough-like  and 

distinct 3 

-.   Pleurae  finely  cribrately  punctured;  vertical  furrows  line-like,  almost  obsolete 4 

3.  Middle  femora  rufous apricus  (Nort.) 

-.   Middle  femora  black apricus  var.  alHcinctus  MacG. 

4.  Females  (abdomen  with  an  apical  sheath-like  structure,  Figure  1) 5 

-.   Males  (abdomen  with  a  flat  and  entire  apical  sternite.  Figure  7) 7 

5.  Sheath  small,  evenly  rounded  on  the  ventral  margin,  as  wide  as  long. . .  .albifrons  (Nort.) 
-.  Sheath  large  and  projecting,  straight  on  ventral  margin,  longer  than  wide,  with  a  distinct 

small  hook  at  the  ventro-apical  angle acidus  MacG. 

6.  Third  and  fourth  antennal  segments  almost  equal;  white  spot  below  bases  of  antennae, 

cljrpeus  white albifrons  (Nort.) 

-.   Third  segment  about  one-quarter  longer  than  fourth;  white  spot  below  antennae  lacking, 
clypeus  black  in  middle  at  base,  white  appearing  as  lateral  marks acidus  MacG. 

Dolerus  apricus  (Norton) 

Dolerus  apricus  Say,  Harris  Catalogue,  nomen  nudum;  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I, 
1867,  p.  236;  Provancher,  Nat.  Canad.,  Vol.  X,  1887,  p.  71;  Provancher,  Faun.  Ent.  Can., 
Hymen.,  1883,  p.  197;  Dalla  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  3;  MacGillivray,  Bull. 
22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  72. 

Dosytheus  apricus  Norton,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  XIII,  1861,  p.  152. 

Dolerus  luctatus  MacGillivray,  Can,  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  127;  MacGilUvray, 
Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  71;  Frison,  Bull.  111.  Nat.  Hist.  Surv., 
Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.  New  synonymy. 

Dolerus  femur-rubrum  Rohwer,  Can.  Ent.,  Vol.  XLI,  No.  1,  Jan.,  1909,  p.  9.  New  synonymy. 

Loderus  albifrons  MacGillivray,  Bull.  22,  Conn.  Geol.  Nat.  Hist.  Surv.,  1916,  p.  76. 

Loderus  acerbus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  August  13,  1923,  p.  19; 
Frison,  Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  249.  New  synonymy. 

Female. — Length  6.5-8  mm.  Head  black  with  the  clypeus  entirely  or 
partly  testaceous,  sometimes  whitish;  thorax  mostly  black,  with  the  tegulae 
white,  prothorax  more  or  less  stained  with  rufous,  femora  rufous  except 
extreme  apex  which  is  black,  base  of  tibiae  sometimes  rufescent,  abdomen 
rufous  except  seventh  segment  and  beyond.  Wings  hyaline,  nervures 
brown. 

Body  moderately  densely  hairy.  Head  very  finely  punctured,  clothed 
with  conspicuous  whitish  pubescence  below  ocelli,  vertex  minutely  punc- 
tured, shining  and  robust;  eyes  quite  deeply  emarginate,  malar  space 
scarcely  one-half  length  of  first  antennal  segment;  postocular  area  shorter 
than  eye,  seen  from  above,  almost  as  wide,  robust  and  shining,  trans- 
versely convex,  with  a  minute  posterior  carina;  vertical  furrows  very  deep 
and  wide,  two-thirds  length  of  postocellar  area;  postocellar  area  quadrate, 
shining  and  convex,  scarcely  raised  above  level  of  postocular  area;  third 
segment  of  antenna  distinctly  longer  than  fourth,  remainder  gradually 
diminishing.    Mesonotum  very  finely  and  granularly  punctured;  halves  of 
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anterior  lobe  gently  convex,  equally  punctured,  the  lateral  areas  with  a  few 
large  distinct  pits;  lateral  lobes  minutely  punctured;  post-tergite  triangu- 
lar or  sub-crescentic,  smooth,  with  or  without  a  median  carina;  meso- 
episternum  with  many  large  smooth  punctures,  mostly  not  touching  each 
other  but  well  separated;  pectus  shining,  minutely  punctured,  diagonal 
row  represented  by  scattered  large  pits;  claws  with  a  small  tooth  (Figure 
12).  Sheath  (Figure  8)  nearly  twice  as  long  as  wide;  dorsal  margin  straight 
or  slightly  convex,  ventral  margin  evenly  rounded;  angle  sharp;  setae 
fairly  long,  fine  and  thick,  the  longest  occurring  just  below  tip;  cerci  not 
attaining  half  length  of  sheath.  Saw  as  in  Figure  5,  long  and  slender,  some- 
what suggestive  of  elderi;  lance  serrate;  lancet  with  distinct  lobes,  minutely 
toothed,  spurette  the  last  pimple-like  tooth  of  lobe;  alae  reduced  to  alar 
spines  and  a  conspicuous  alar  spur  which  might  be  confused  with  the  spur- 
ette, alar  spur  distinct  and  separate  from  the  reduced  alae. 

Male. — Similar  in  size,  color  and  structure  to  female,  differing  as  fol- 
lows: clypeus  and  face  below  antennae  whitish-rufous;  hypopygium  fairly 
long,  slender,  sides  of  apex  distinctly  concave  near  tip,  posterior  margin 
narrow,  roundly  truncate.    Genitalia  as  for  subgenus  (Figure  64). 

Neotype. —  9,  Seymour,  Illinois,  May  1,  1929  (H.  H.  Ross).  Deposited 
in  the  collection  of  the  Illinois  State  Natural  History  Survey,  Urbana, 
Illinois. 

Distribution— COLORABO:  19,  Colo.  CONNECTICUT:  Quilford, 
Hartford,  Durham.  June,  ILLINOIS:  Urbana,  White  Heath,  Seymour, 
St.  Joseph,  Champaign,  Chicago,  Algonquin,  Elizabeth,  Savanna,  Rock 
Island,  Ogden,  Glencoe,  Muncie,  Waukegan,  Garden  City,  Grand  Detour 
and  Springfield,  April  to  July.  INDIANA:  Hessville.  April  and  May. 
IOWA:  Ames,  Mt.  Pleasant.  May  and  June.  MAINE:  Eagle  Bend, 
Orono.  July.  MARYLAND:  19,  Md.  MASSACHUSETTS:  Spring- 
field, Boston,  Chicopee.  May.  MICHIGAN:  Douglas  Lake,  Ann  Arbor, 
Charlevoix.  July.  MINNESOTA:  Foley,  Northfield,  St.  Cloud,  Milaca, 
Moore  Lake,  Fairbuilt  County,  Hennepin  County.  June  to  August. 
MONTANA:  Id",  Mon.  NEBRASKA:  Ashland,  Sowbelly  Canon  (Sioux 
County).  June.  NEW  HAMPSHIRE:  Franconia.  NEW  JERSEY: 
Bargen  County,  Caldwell,  Ramsey,  Elizabeth.  June  and  July.  NEW 
YORK:  Ithaca,  Plattsburg,  Rouses  Point,  Utica,  Richfield  Springs,  White 
Plains,  Brooklyn,  Niagara  Falls,  Staten  Island,  New  York  City,  Carolina, 
Dryden  Lake,  Albany,  Newport,  Karner,  Speculator,  Cedar  Hills,  Mead- 
owlake,  Axton,  McLean,  Victor.  May  to  July.  OHIO:  Columbus,  Nor- 
walk,  Sandusky,  Salineville.  May  and  June.  PENNSYLVANIA:  Edge 
Hill,  Harrisburg,  Montgomery  County.  June.  SOUTH  DAKOTA: 
Brookings,  Elk's  Point.  June.  TEXAS:  Icf,  Tex.  VIRGINIA:  Great 
Falls.  WASHINGTON:  1  9  ,  Olympia,  June  6,  1892.  WISCONSIN:  1  9  , 
Madison.  July.     MONTANA:  Aweme,  Treesbank,  Birtle.  June.     NEW 
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BRUNSWICK:  Bathurst.  July.  ONTARIO:  Ottawa,  Bonville,  Vineland. 
May  and  June.  QUEBEC:  St.  John's  County,  Montreal,  Hull,  Hemming- 
ford,  Megantic,  Lanoraie,  Fairy  Lake,  Rouville,  St.  Hilaire,  Chamby 
County,  Shawbridge.    May  to  July. 

A  widely  distributed  species,  apparently  common  in  the  northern, 
eastern  and  central  United  States  and  southeastern  Canada. 

In  the  vicinity  of  Urbana  this  species  appears  later  in  the  season  than 
any  other  member  of  the  genus,  occurring  very  abundantly  in  late  May 
and  during  June  in  the  Equisetum — Carex  communities  along  the  rail- 
roads. Its  peak  comes  some  two  or  three  weeks  after  similis  is  on  the  wane, 
and  forms  the  last  of  a  well  marked  series  of  abundance  peaks  of  different 
species  in  the  genus. 

This  species  can  be  readily  distinguished  from  acidus  and  albifrons  by 
the  circular  punctures  of  the  pleurae,  and  from  napeus  by  the  red  color  of 
the  femora,  abdomen,  etc. 

Dolerus  apricus  var.  alticinctus  MacGillivray 

Loderus  altkinctus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  20; 

Prison,  Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XW,  Art.  IV,  Feb.,  1927,  p.  249. 
Loderus  ancisus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  21;  Frison, 

Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  250.  New  synonymy. 

This  variety  differs  from  the  typical  form  in  having  the  middle  femora 
almost  black,  and  by  being  slightly  smaller  in  size.  Specimens  belonging 
to  this  variety  are  found  in  small  numbers  scattered  throughout  collec- 
tions of  the  species  from  all  localities.  Every  gradation  exists  between  the 
two  forms,  hence  the  variation  has  held  no  significance  in  the  present  study, 
and  has  not  been  recognized  in  determinations.  It  is  thought  best,  however, 
to  retain  the  name. 

Eolotype. —  9  ,  Orono,  Maine,  June  30,  1913.  In  the  MacGillivray 
Collection,  University  of  Illinois,  Urbana,  Illinois. 

Dolerus  napaeus  MacGillivray 

Loderus  niger  Rohwer,  Can.  Ent.,  Vol.  XLII,  No.  2,  Feb.,  1910,  p.  49.   cf ,  9  . 

Dolerus  napaeus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  March,  1923,  p.  65.    9  ;  Frison, 

Bull.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.   New  synonymy. 
Dolerus  nepotulus  MacGillivray,  Can.  Ent.,  Vol.  LV,  No.  3,  March,  1923,  p.  68.    d';  Frison, 

BuU.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  243.   New  synonymy. 
Dolerus  nauticus  MacGillivray,  Ins.  Insc.  JSIens.,  Vol.  XI,  Nos.  1-3,  1923,  p.  35.    9  ;  Frison, 

Bull.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  242.  New  synonymy. 

Female. — Length  7-8  mm.    Color  entirely  black.   Wings  hyaline. 

Structure  almost  identical  with  apricus,  with  the  following  differences: 
vertex  less  robust,  obliquely  narrowed  behind  eye,  not  or  extremely  sparse- 
ly punctured,  polished;  carina  along  posterior  margin  small  but  sharp; 
post-tergite  always  with  a  sharp  median  carina;  claws  with  small  tooth; 
genitalia  identical  with  apricus. 
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Male. — Same  as  female  except  for  sexual  differences. 

Eolotype. —  9  ,  Mts.  near  Claremont,  California.  In  the  U.  S.  National 
Museum,  Washington,  D.  C. 

Allotype. —  d^,  same  data.    Deposited  with  holotype. 

Distribution.— CALIFOR'^IA:  many  males  and  females,  Mts.  near 
Claremont,  Stanford  University,  Corte  Madero  Creek  Canon,  Redwood 
Canyon,  Sierro  Nevada,  Felton,  St.  Cruz  Mts.,  Berkeley.  Taken  from 
March  to  May.  OREGON:  Ore.,  Corvallis,  Drift  Creek.  April  and  May. 
WASHINGTON:  Pullman.  April. 

A  species  confined  to  the  states  of  the  Pacific  Coast,  quite  rare  in  collec- 
tions. It  is  distinguished  from  all  other  members  of  the  subgenus  by  its 
black  color. 

The  placing  of  Loderus  as  a  subgenus  of  Dolerus  brings  the  name 
niger  Rohwer  (1910)  into  competition  with  Dolerus  niger  (Linn.)  (1767). 
The  name  proposed  by  Rohwer  must  therefore  fall.  MacGillivray  in  1923 
described  a  species  of  Dolerus  giving  it  the  name  napaeus.  Since  this  is 
a  synonym  of  Loderus  niger  Rohwer,  the  name  napaeus  is  herin  substi- 
tuted for  niger  (Rohwer),  now  a  preoccuppied  name. 

Dolerus  albifrons  (Norton) 

Dosytheus  apricus  var.  dbijrons  Norton,  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  VIII,  1861,  p.  152. 
Dolerus  albifrons  Norton,  Trans.  Amer.  Ent.  Soc,  Vol.  I,  1867,  p.  237;  Provancher,  Addit. 

Faun.  Can.,  Hym.,  1885,  p.  7;  DaUa  Torre,  Cat.  Hymen.,  Vol.  I,  1894,  p.  2. 
Dolerus  minusculus  MacGillivray,  Can.  Ent.,  Vol.  XL,  No.  4,  April,  1908,  p.  127;  Prison, 

BuU.  lU.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  241.  New  synonymy. 
Loderus  occur atus  MacGillivray,  Univ.  111.  Bull.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  19; 

Prison,  BuU.  111.  Nat.  Hist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  249.  New  synonymy. 

Female. — Length  6  mm.  Head  mostly  black,  with  the  labrum  white, 
clypeus,  base  of  mandibles,  and  extreme  base  of  first  antennal  segment 
rufous;  thorax  black  with  the  tegulae  and  base  of  tibiae  white,  trochanters 
and  legs  otherwise  rufous  except  black  ring  at  apex  of  posterior  femora, 
and  tibiae  and  tarsi  which  are  more  or  less  brownish-infuscate;  abdomen 
rufous  with  the  seventh  segment  and  beyond  black.    Wings  hyaline. 

Head  below  vertex  minutely  densely  reticulate;  vertex  more  or  less 
shining,  minutely  punctured;  eyes  not  so  long  as  in  apricus,  but  evenly 
emarginate,  malar  space  slightly  longer  than  half  basal  segment  of  antenna; 
postocular  area  robust  and  shining,  not  as  long  as  eye,  seen  from  above, 
with  the  posterior  carina  barely  indicated;  vertical  furrows  short,  comma- 
like; postocellar  area  flat,  nearly  twice  as  wide  as  long,  reticular-punctate; 
third  antennal  segment  subequal  to  fourth.  Halves  of  anterior  lobe  uni- 
formly convex;  anterior  lobe  finely  reticularly  punctured,  less  roughly  on 
disk  than  on  sides;  lateral  lobes  dull,  closely,  finely  punctured;  post-ter- 
gite  sharply  triangular,  polished,  with  a  tent-shaped  median  carina;  meso- 
episternum  very  slightly  depressed  above  pectus,  extremely  finely  and 
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roughly  reticulate;  pectus  shining,  but  with  very  dense  small  punctures; 
tarsal  claws  without  a  tooth  (Figure  11).  Sheath  as  in  Figure  10,  very  little 
longer  than  wide,  dorsal  margin  straight,  ventral  margin  arcuately  rounded, 
lateral  surface  slightly  bulbous  near  tip,  with  a  distinct  carina  adjacent  to 
dorsal  margin,  nearly  reaching  tip;  setae  fine,  in  an  evenly  graded  series; 
cerci  short,  attaining  only  half  dorsal  length  of  sheath.  Saw  very  long  and 
slender,  slightly  upturned  at  tip  (Figure  6);  lance  almost  without  serra- 
tions; lancet  with  very  faintly  indicated  armature,  lobes  barely  indicated, 
minutely  toothed,  spurettes  unrecognizable,  undoubtedly  fused  with  lobes, 
alae  represented  by  a  row  of  minute  spines,  alar  spurs  very  small  and  trian- 
gular, distinctly  connected  with  the  row  of  alar  spines;  ventral  spines  ob- 
solete. 

Male. — Similar  in  size,  color  and  structure  to  female,  with  the  follow- 
ing differences:  labrum,  clypeus  and  spot  below  bases  of  antennae,  white; 
hypopygium  narrow  at  apex,  sides  almost  straight,  posterior  margin  trun- 
cate; genitalia  as  for  apricus,  differing  only  in  having  the  apices  of  the  prae- 
putium  slightly  more  prolonged  and  narrower, 

Ledotype. —  9  ,  Connecticut.  Designated  in  manuscript  by  Rohwer, 
October,  1920.  Deposited  in  the  collection  of  the  Yale  University  Museum, 
New  Haven,  Connecticut. 

Ledoallotype. —  cf ,  Connecticut.  Designated  by  Rohwer  at  the  same 
time  and  place,  and  deposited  with  lectotype. 

Distribution.— CklAYO^^lk:  Icf,  3  9  9,  Redwood  Canyon,  Marin 
County,  May  17,  1908.  CONNECTICUT:  2 cf  cf,  1  9  ,  Conn.;  ILLINOIS: 
Icf,  Algonquin  (Nason),  Icf ,  111.;  46cr'c?',  68  9  9  ,  Fox  Lake,  May  15,  1930 
(Frison  and  Ross).  IOWA:  1  9  ,  Mt.  Pleasant,  May  23,  1928  (W.  Lee). 
MAINE:  1  9  ,  Orono,  June  12,  1913.  NEBRASKA:  1  9 ,  Ashland;  NEW 
YORK:  IcT,  McLean,  May  31,  1898;  19,  Ithaca,  May  31,  1891.  ON- 
TARIO: 19,  Hull,  June  9,  1884;  19,  Bonville,  June  24,  1913  (W.  A. 
Ross).  QUEBEC:  19,  Shawbridge,  May  28,  1922  (J.  W.  Buckle). 

A  rare  species  of  wide  distribution.  Easily  distinguished  from  apricus 
in  lacking  a  tooth  on  the  tarsal  claws  and  in  having  the  pleurae  finely 
reticulate;  and  from  acidus  by  the  small  rounded  sheath  (Figure  10). 

Dolerus  acidus  (MacGillivray) 

Loderus  acidus  MacGillivray,  Univ.  lU.  BuU.,  Vol.  XX,  No.  50,  Aug.  13,  1923,  p.  20;  Frison» 
BuU.  111.  Nat.  ffist.  Surv.,  Vol.  XVI,  Art.  IV,  Feb.,  1927,  p.  249. 

Female. — Length  7-7.5  mm.  Head  black  with  the  labrum  and  vague 
lateral  areas  on  the  clypeus  rufous;  thorax  black  with  the  tegulae  white, 
the  prothorax,  sides  of  anterior  lobe  and  sometimes  faint  spots  on  the  lat- 
eral lobes  and  pleurae,  rufous;  apices  of  coxae,  femora  entirely  and  base 
of  tibiae  rufous,  rest  of  tibiae  and  tarsi  blackish-brown;  abdomen  rufous 
with  more  or  less  of  seventh  or  eighth  and  following  segment,  and  sheath 
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black.  Front  and  middle  femora  sometimes  with  basal  half  black  or  black- 
ish, shading  into  rufous  towards  apex.   Wings  hyaline. 

Punctuation  of  head  and  thorax  much  as  in  albifrons.  Head  below  ver- 
tex finely  and  densely  reticulate;  postocular  area  only  half  length  of  eye. 
seen  from  above,  narrowed  behind  eye,  densely  punctate,  dull,  with  a  dis- 
tinct posterior  carina;  vertical  furrows  obsolete,  represented  by  a  faint  line; 
postocellar  area  confluent  with  postocular  area,  reticulate;  third  segment 
of  antenna  about  a  fourth  longer  than  fourth,  remainder  practically  sub- 
equal.  Anterior  lobe  very  gently  convex,  dull  with  dense  punctures; 
lateral  lobes  densely  punctate  but  with  moderately  large  punctures;  post- 
tergite  triangular,  distinctly  striate,  with  a  gentle  median  carina;  meso- 
episternum  densely  and  finely  reticulate  as  in  albifrons;  pectus  with  dense 
punctures;  tarsal  claws  with  or  without  a  small  tooth.  Sheath  very  large, 
as  in  Figure  9,  the  ventral  margin  straight,  the  dorsal  margin  arcuately 
rounded,  the  two  forming  a  distinct  small  hook  on  the  caudo-ventral  cor- 
ner; setae  fine,  almost  equal  in  length;  cerci  very  small,  about  one-fourth 
dorsal  length  of  sheath.  Saw  extremely  aberrant  in  appearance,  short  and 
stocky,  curved  downward  (Figure  4);  lance  regular,  not  serrate;  lancet 
well  armed,  lobes  distinct,  minutely  toothed,  spurettes  small  but  distinct 
and  separate  just  within  ventral  margin,  alae  almost  entirely  cut  into  some- 
what irregular  alar  and  ventral  spines,  and  with  a  long,  slightly-upcurved, 
finger-like  alar  spur,  situated  within  the  dorsal  half  of  the  lancet. 

Male. — Similar  in  size,  color  and  structure  to  female,  differing  as  fol- 
lows: clypeus  less  vaguely  marked  with  white,  the  white  showing  as  two 
distinct  spots  one  on  each  side  of  the  meson;  entire  dorsum  of  thorax 
black  except  rufous  posterior  margin  of  pronotum;  tibiae  not  blackish- 
infuscate  but  more  rufous-brown  on  basal  half;  hypopygium  wider  than 
in  albifrons,  the  posterior  margin  slightly  convex;  genitalia  as  for  albifrons. 

Holotype. —  9,  Orono,  Maine,  June  12,  1913.  In  the  MacGilllvray 
Collection,  University  of  Illinois,  Urbana,  Illinois. 

Allotype. —  cf,  Canada  (C.  F.  Baker).  Also  in  the  MacGillivray  Col- 
lection.    (Present  Designation). 

Distribution.— ILLINOIS:  59  9,  Algonquin,  May  4  to  21,  1895 
(Nason);  19,  Starved  Rock,  16c^cf,  59  9,  Waukegan,  29  9,  Dixon, 
Icf,  4  9  9,  Garden  City  and  2c?cf,  18  9  9,  Grand,  Detour  May  13-16, 
1930  (Prison  and  Ross).  MAINE:  1  9  ,  Orono,  June  12, 1913.  NEW  YORK: 
2  9  9,  Ithaca;  39  9,  Albany,  May  22,  1903;  3cfcr,  Newport,  May  26, 
1902;  Icf,  Lancaster,  May,  1886;  Icf,  Chatham,  August  19,  1904.  PENN- 
SYLVANIA: 29  9,  Edge  Hill,  May  20,  1900.  QUEBEC:  3  9  9,  Lano- 
raie,  June  18,  1915  (Beaulieu). 

Another  rare  species,  like  the  preceding.  Easily  recognized  by  the 
finely  reticulate  pleurae  and  the  curious,  large  sheath  with  the  "hook" 
(Figure  9). 
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EXPLANATION  OF  PLATE  I 

Fig.  1.  Lateral  view  of  abdomen  of  D.  illini. 

Fig.  2.  Lateral  view  of  hypothetical  saw. 

Fig.  3.  Lateral  view  of  saw  of  D.  neoaprilis. 

Fig.  4.  Lateral  view  of  saw  of  D.  acidus. 

Fig.  5.  Lateral  view  of  saw  of  D.  apricus. 

Fig.  6.  Lateral  view  of  saw  of  D.  dbifrons. 

Fig.  7.  Ventral  view  of  abdomen  of  D.  similis. 

Fig.  8.  Lateral  view  of  sheath  of  D.  apricus. 

Fig.  9.  Lateral  view  of  sheath  of  D.  acidus. 

Fig.  10.  Lateral  view  of  sheath  of  D.  albifrons. 

Fig.  11.  Tarsal  claw  of  D.  albifrons. 

Fig.  12.  Tarsal  claw  of  D.  acidus. 

Fig.  13.  Tarsal  claw  of  D.  agcistus. 

Fig.  14.  Tarsal  claw  of  D.  bicolor. 

Fig.  15.  Cephalic  view  of  eye  of  subgenus  Doleriis  Jur. 

Fig.  16.  CephaUc  view  of  eye  of  subgenus  Loderus  Kon. 


ABBREVIATIONS  USED 


a=ala 

ac=alar  spines 
ad=a.\a.T  spur 

i=annuli 

c=cercus 

d=  tooth  or  dens 
A>r=hypopygiuni 

y=base  of  sheath 


a;  =  ventral  spines 


/6=lobe 
/»=  lance 
tt=  lancet 

i=sternite 
s/(= sheath 
5^=  spiracle 
fr=spurette 

<=tergite 
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EXPLANATION  OF  PLATE  II 

Fig.  17.  Lateral  view  of  sheath  of  D.  tecttis. 

Fig.  18.  Lateral  view  of  sheath  of  D.  sericeiis  sub.  neosericeus. 

Fig.  19.  Lateral  view  of  sheath  of  D.  sericeus  subsp.  centralis. 

Fig.  20.  Lateral  view  of  sheath  of  D.  sericeus  subsp.  parasericeus. 

Fig.  21.  Lateral  view  of  sheath  of  D.  sericeus. 

Fig.  22.  Lateral  view  of  sheath  of  D.  unicolor. 

Fig.  23.  Lateral  view  of  sheath  of  D.  illini. 

Fig.  24.  Lateral  view  of  sheath  of  D.  borealis. 

Fig.  25.  Lateral  view  of  sheath  of  D.  versa. 

Fig.  26.  Lateral  view  of  sheath  of  D.  nortoni. 

Fig.  27.  Lateral  view  of  sheath  of  D.  collaris. 

Fig.  28.  Posterior-lateral  view  of  sheath  of  D.  collaris. 

Fig.  29.  Lateral  view  of  sheath  of  D.  blcolor. 

Fig.  30.  Posterior-lateral  view  of  sheath  of  D.  neogcistus. 

Fig.  31.  Posterior-lateral  view  of  sheath  of  D.  inter jectus. 

Fig.  32.  Posterior-lateral  view  of  sheath  of  D.  distinctiis. 

Fig.  33.  Lateral  view  of  sheath  of  D.  similis  (short  type). 

Fig.  34.  Lateral  view  of  sheath  of  D.  nicaeus. 

Fig.  35.  Lateral  view  of  sheath  of  D.  nasutus. 

Fig.  36.  Lateral  view  of  sheath  of  D.  neoaprilis. 

Fig.  37.  Lateral  view  of  sheath  of  D.  similis  subsp.  nescius. 

Fig.  38.  Lateral  view  of  sheath  of  D.  similis  {plesius,  or  long,  type). 

Fig.  39.  Lateral  view  of  sheath  of  D.  aprilis. 

Fig.  40.  Lateral  view  of  sheath  of  D.  elderi. 
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EXPLANATION  OF  PLATE  III 

Fig.  41.  Apical  portion  of  saw  of  D.  unicolor. 

Fig.  42.  Ventral  margin  of  saw  of  D.  unicolor. 

Fig.  43.  Ventral  margin  of  saw  of  D.  borealis. 

Fig.  44.  Saw  of  D.  illini. 

Fig.  45.  Ventral  margin  of  saw  of  D.  illini. 

Fig.  46.  Ventral  margin  of  saw  of  D.  parasericetis. 

Fig.  47.  Lancet  of  D.  neosericeus. 

Fig.  48.  Lancet  of  D.  versa. 

Fig.  49.  Saw  of  D.  dypealis. 

Fig.  50.  Lancet  of  D.  collaris. 

Fig.  51.  Ventral  margin  of  saw  of  D.  nortoni. 

Fig.  52.  Lancet  of  D.  neoagcistus. 

Fig.  53.  Lancet  of  D.  hicolor. 

Fig.  54.  Lancet  of  D.  agcislus. 

Fig.  55.  Lance  of  D.  abdominalis. 

Fig.  56.  Lance  of  D.  interjectus. 

Fig.  57.  Saw  of  D.  elderi. 

Fig.  58.  Lancet  of  D.  nasutus. 

Fig.  59.  Lancet  of  D.  similis. 

Fig.  60.  Lancet  of  D.  tejoniensis. 

Fig.  61.  Saw  of  D.  piercei. 
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PLATE  IV 
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EXPLANATION  OF  PLATE  IV 

Fig.  62.  Dorsal  view  of  head  of  D.  elderi. 

Fig.  63.  Dorsal  view  of  thorax  of  D.  elderi. 

Fig.  64,  Ventral  view  of  male  genitalia  of  D.  acidiis. 

Fig.  65.  Ventral  view  of  male  genitalia  of  D.  unicolor. 

Fig.  66.  Ventral  view  of  male  genitalia  of  D.  sericeus  race  centralis. 

Fig.  67.  Ventral  view  of  male  genitalia  of  D.  agcislus. 

Fig.  68.  Ventral  view  of  male  genitaUa  of  D.  similis. 

Fig.  69.  Ventral  view  of  male  genitaUa  of  D.  frisoni. 


ABBREVIATIONS  USED 


a/ = anterior  lobe,  dextral  half 
c/=clypeux 

/= vertical  furrows 

f  =gonocardo 

A  =  harpes 

W  =  lateral  lobe 

»«= membrane  of  wing 

oc=ocellar  basin 


^= penis  rods 
/'c=postocular  area 
/>o  =postocellar  area 
^/)  =  praeputium 
^r=pronotum 
^.i;  =  post-tergite 

ic=scutellum 
i<=gonostipe3 


r=  penis  valves 
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EXPLANATION  OF  PLATE  V 

Fig.  70.  Front  and  hind  wings  of  Dolerus  similis  (Nort.). 

Fig.  71.  Seasonal  abundance  of  the  commoner  species  of  Dolerus  at  the  Seymour  habitat  in 
1929:  1,  D.  agcistus;  2,  D.  illini;  3,  D.  aprilis;  4,  D.  similis;  5,  D.  apricus. 
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PLATE  VI 
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EXPLANATION  OF  PLATE  VI 

Fig.  72.  Dolerus  habitat  along  railroad  tracks,  Seymour,  Illinois,  April  20,  1929.  Equisetum- 

Carex  community. 
Fig.  73.  Dolerus  habitat  along  railroad  tracks,  Savoy,  Illinois,  April  20,  1929.    Equisetum 

community. 
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The  names  of  all  species,  sub-species,  and  varieties  are  here  listed  under  the  four  generic 
names,  Dolerus,  Dosytheus,  Loderus,  and  Tenthredo.  Those  reduced  to  synonymy  are  indi- 
cated by  italic  type,  and  new  names  by  bold-face  type. 


Dolerides,  24 
Dolerinae,  24 
Dolerini,  24 
Dolenis  Guillebeau,  26 
Dolerus  Jurine,  24,  25 

abdominalis  (Norton),  29,  30,  66 

acidus  (MacGillivray),  93,  97 

acritus  MacGillivray,  77 

agcistus  MacGillivray,  16,  18,  29,  31,  59 
var.  maroa  new  variety,  29,  61 

albifrons  (Norton),  93,  96 

alticinctus  MacGillivray,  95 

apricus  (Norton),  15.  16,  17,  19,  93 
var.  alticinctus  MacGillivray,  93,  95 

aprihs  (Norton),  15,  16,  17,  18,  30,  32,  84 
var,  noci\ais  MacGillivray,  30,  85 

apriloides  MacGillivray,  30,  32,  72 

arcensis  Say,  36 

auraneus  new  variety,  69 

bicolor  (Beauvois),  22,  29,  31,  58 
var.  lesticus  MacG.,  28,  59 
var.  nigrita  new  variety,  28,  59 

borealis  MacGillivray,  27,  38 

centralis  new  subspecies,  46 

coccinifera  Norton,  87 

coccinifer  Dalla  Torre,  87 

cohaesus  MacGillivray,  67 

collaris  Say,  13,  18,  22,  28,  31,  53 
var.  erebus  new  variety,  28,  55 
var.  icterus  MacGillivray,  29,  56 
var.  maculicollis  (Norton),  29,  55 

coloradensis  Cresson,  28,  31,  86 

colosericeiis  MacGillivray,  44 

conjectus  new  variety,  80 

conjugatus  MacGillivray,  77 

coruscans  Konow,  14 

clypealls  new  species,  29,  50 

var.  nigrilabirs  new  variety,  29,  51 

distinctus  Norton,  29,  61 

dubius  Klug,  21 

dysporus  MacGillivray,  84 

eglanteriae  Klug,  25 

elderi  Kincaid,  30,  32,  67 

var.  auraneus  new  variety,  30,  32,  69 
var.  melanus  new  variety,  28,  31,  70 
var.  rubicanos  new  variety,  30,  32,  70 


erebus  new  variety,  55 
eurybis  new  species,  29,  30,  65 
femur-ruhrum  Rohwer,  93 
frisoni  new  species,  32,  91 
fumatus  new  subspecies,  81 
germanica  Fabricius,  24 
gibbosus  Hartig,  14 
gonagra  Fabricius,  14,  22,  24,  26 
graenicheri  MacGillivray,  59 
haematodes  Schrank,  14,  22 
icterus  MacGillivray,  56 
idaboensis  new  species,  28,  63 
illini  new  species,  16,  18,  27,  31,  39 

var.  rufilobus  new  variety,  31,  41 
ins  pectus  MacGillivray,  77 
inspiratus  ^MacGillivray,  77 
interjectus  new  species,  29,  32,  63 
konowi  MacGillivray,  90 
lesticus  MacGillivray,  59 
luctatus  MacGillivray,  93 
maculicollis  (Norton),  55 
madidus  Klug,  14,  22 
maroa  new  variety,  61 
melanus  new  variety,  70 
minusculus  MacGillivray,  96 
monosericeiis  MacGillivray,  44 
moramus  new  species,  29,  30,  62 
napaeus  MacGillivray,  93,  95 
narratus  MacGillivray,  35 
nasutus  MacGillivray,  28,  31,  71 
nativus,  MacGillivray,  32,  38 
nauticus  MacGillivray,  95 
necessarius  ISIacGillivray,  83 
nectareus  MacGillivray,  38 
necosericeus  MacGillivray,  47 
nefastus  MacGillivray,  77 
nemorosus  MacGillivray,  67 
neoagcistus,  MacGillivray,  13,  15,  17,  18, 

29,  31,  56 
neoaprilis  MacGillivray,  18,  21,  30,  32,  88 

subsp.  konowi  MacGillivray,  28,  31,  90 
neocollaris  MacGillivray,  27,  31,  33 

subsp.  narratus  MacGillivray,  27, 31, 35 
neosericeus  MacGillivray,  47 
neostugnus  MacGillivray,  57 
nepotulus  MacGillivray,  95 
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Dolerus  Jurine  (continued) 
nervosus  MacGillivray,  80 
nescius  MacGillivray,  82 
nicaeus  MacGillivray,  22,  28,  31,  83 
nidulus  MacGillivray,  90 
nigratus  Miiller,  14,  22 
nigrilabris  new  variety,  51 
nigrita  new  variety,  59 
nigritella  new  variety,  53 
nimbosus  MacGillivray,  83 
nivatus  MacGillivray,  88 
nocivus  MacGillivray,  85 
nocuus  MacGillivray,  35 
nominatus  MacGillivray,  38 
nordanus  new  subspecies,  80 
nortonl  new  species,  17,  29,  31,  51 

var.  nigritella  new  variety,  28,  53 
novellus  MacGillivray,  71 
novicius  MacGillivray,  78 
nugatorius  MacGillivray,  71 
numerosus  MacGillivray,  90 
nummarius  MacGillivray,  79 
nummatus  MacGillivray,  77 
nundinus  MacGillivray,  74 
nuntius  MacGillivray,  74 
nutricius  MacGillivray,  67 
nyctelius  MacGillivray,  67 
palustris  (Klug),  14,  22 
parasericeus  MacGillivray,  45 
pedestris  Panzer,  24 
piercei  Rohwer,  29,  49 
plesius  MacGillivray,  77 
Polysericeus  MacGillivray,  45 
pratensis  Linnaeus,  14,  22,  24,  25 
refugus  MacGillivray,  33 
rubicanus  new  variety,  70 
rufilobus  new  variety,  41 
sericeus  Say,  27,  31,  43,  44 

subsp.  centralis  new  subsp.,  43,  44,  46 

subsp.  neosericeus  MacGillivray,  43,  44, 
47 

subsp.  parasericeus  MacGillivray,  43, 44, 
45 
simiHs  (Norton),  13, 15, 16,  17,  19,  22,  30, 
32,75,  76,  77 


subsp.  f umatus  new  subspecies,  75, 76, 81 
subsp.  nescius  MacGillivray,  75,  76,  82 
subsp.  nordanus  new  subspecies,  76,  80 
subsp.  simulans  Rohwer,  75,  76,  81 
var.  conjectus  new  variety,  75,  76,  80 
var.  novicius  MacGillivray,  76,  78 
var.  nummarius  MacGillivray,  76,  79 
var.  tibialis  Cressen,  75,  76,  80 
var.  yukonensis  Norton,  74 

simulans  Rohwer,  81 

sp.  2  Yuasa,  17 

stugnus  MacGillivray,  77 

tectus  MacGillivray,  27,  31,  41 

tejoniensis  (Norton),  28,  30,  87 

lejoniensis  Weldon,  86 

thoracicus  Kir  by,  36 

thoracinus  Beauvois,  36 

tibialis  Cressen,  80 

unicolor  (Beauvois),  13,  15,  17,  18,  22,  27, 
30,35 

versa  Norton,  29,  30,  48 

yukonensis  Norton,  30,  32,  74 
Dosytheus,  25,  92 

abdotninalis  Norton,  66 

apricus  Norton,  84,  93 
var.  alhifrons  Norton,  96 

aprilis  Norton,  84 

bicolor  Norton,  58 

maculicoUis  Norton,  55 

similis  Norton,  77 

tejoniensis  Norton,  87 
Loderus  Konow,  21,  25,  92 

accuratus  MacGillivray,  96 

acerbus  MacGillivray,  93 

acidus  MacGillivray,  97 

acriculus  MacGillivray,  67 

alhifrons  MacGillivray,  93 

aUicinctus  MacGillivray,  95 

ancisus  MacGillivray,  95 

niger  Rohwer,  95 
Tenthredo  bicolor  Beauvois,  58 

collaris  Donovan,  55 

pratorum  Fallen,  92 

thoracinus  Beauvois,  35 

unicolor  Beauvois,  35 
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INTRODUCTION 

Various  ecologists  have  frequently  demonstrated  that  both  plants  and 
animals  exist  on  land  in  well-defined  communities,  but  have  given  com- 
paratively little  attention  to  the  existence  and  character  of  similar  com- 
munities in  water.  Land  communities  show  definite  development  and 
behavior.  Certain  species  known  as  "predominants"  (Smith,  1928),  or 
"prevalents,"  are  conspicuous  in  land  communities  because  of  their  size 
or  because  of  their  abundance  due  to  a  favorable  response  to  the  con- 
ditions and  they  serve  as  an  index  to  the  community.  Some  of  them 
have  approximately  the  same  abundance  throughout  the  year,  while 
others  show  seasonal  fluctations  in  abundance  and  indicate  the  presence 
of  seasonal  societies  or  "socies"  (Clements,  1916).  Some  predominants, 
known  as  '"euryoecious"  species,  have  such  widespread  distribution  as 
to  mark  the  boundaries  of  the  formation,  which  is  the  community  of 
greatest  rank.  Others  of  limited  distribution  are  termed  "stenoecious" 
and  indicate  the  boundaries  of  communities  of  associational  rank. 

Land  communities  develop  and  reach  maturity  by  a  long  series  of 
successional  stages.  If  comparable  fresh-water  communities  exist,  they 
may  be  expected  to  reach  maturity  through  a  series  of  developmental 
stages.  Communities  of  various  ranks  comparable  to  similar  aggregations 
on  land  should  be  definitely  ascertainable  in  fresh  water.  It  should  be 
possible  to  show  a  series  of  developmental  communities  ultimately 
reaching  a  permanent  stable  condition  equivalent  to  that  of  a  terrestrial 
climax  community,  as  outlined  by  plant  ecologists  (Clements,  1916). 

Most  ecologists  have  assumed  that  permanent  fresh-water  commu- 
nities do  not  exist  and  that  aquatic  communities  are  but  early  develop- 
mental stages  of  terrestrial  ones.  The  writer  believes  that  permanent 
fresh-water  communities  exist,  reach  maturity,  and  show  aspects  com- 
parable to  terrestrial  communities  ( Shelf ord  and  Eddy,  1929). 

Aquatic  communities  should  demonstrate  their  stability  and  perma- 
nence by  maintaining  a  composition  in  which  no  further  succession  takes 
place.  Their  rank  and  status  should  be  determined  by  the  presence  of 
predominant  or  dominant  organisms.  It  is  part  of  the  purpose  of  this 
paper,  by  studying  plankton  as  an  index  to  the  pelagic  portion  of  fresh- 
water communities,  to  determine  the  existence,  rank,  behavior,  and 
status  of  the  plankton  element. 

"Plankton"  has  been  variously  defined  by  many  authorities.  Hensen 
(1887)  originally  defined  the  term  as  denoting  all  that  floats  in  water, 
"AUes  was  in  Wasser  treibt."  Kolkwitz  (1912)  defined  the  term  as  the 
natural  community  of  those  organisms  that  are  normally  living  in  water 
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and  are  passively  carried  along  by  currents.  Rylov  (1922)  in  discussing 
the  forms  which  come  under  the  term  plankton,  uses  the  terms  "obli- 
goplankton,"  referring  to  true  planktonts  only,  and  "facultative  plank- 
tonts,"  referring  to  those  forms  found  in  both  limnetic  and  littoral 
regions,  and  also  states  that  "pelagic  organisms"  are  not  the  same  as 
"planktonts,"  for  planktonts  may  be  both  pelagic  and  littoral.  Plankton 
investigators  usually  include  under  the  term  all  forms  found  in  open 
waters  regardless  of  origin ;  consequently,  they  often  include  many  bot- 
tom and  shore  forms.  As  the  term  is  restricted  to  minute  forms  and 
does  not  include  the  larger  organisms  such  as  fishes,  the  writer  regards 
the  term  as  applied  to  an  aggregation  of  organisms  constituting  all  micro- 
scopic forms  found  in  open  waters.  Properly  speaking,  although  sel- 
dom recognized  as  such,  bacteria  living  in  open  waters  should  be  in- 
cluded under  the  term  "plankton."  A  common  definition  includes  those 
forms  with  little  or  no  resistance  to  currents,  living  a  free-floating  or 
suspended  existence  in  open  or  pelagic  waters. 

Kolkwitz  and  Marsson  (1902,  1908,  1909)  have  attempted  to  classify 
plankton  from  the  standpoint  of  pollution,  using  plankton  organisms 
as  indicators  of  degrees  of  pollution.  Wesenberg-Lund  (1908),  Bach- 
mann  (1921),  Smith  (1920),  Naumann  (1927),  and  Krieger  (1927) 
all  have  attempted  to  classify  plankton  in  terms  of  plankton  constituents 
and  relations  to  the  habitats.  Griffith  (1923)  has  classified  plankton 
algae  in  terms  of  the  ecological  features  prevalent  in  the  habitat.  From 
such  attempts  have  arisen  such  terms  as  "rheoplankton"  (river),  "ben- 
thoplankton"  (shallow  pond),  "limnoplankton"  (deep  pond),  "heleo- 
plankton"  (pond),  and  many  others,  all  describing  the  plankton  on  the 
basis  of  habitats.  The  writer  realizes  that  all  these  types  of  plankton 
are  distinct  and  can  be  distinguished  from  each  other  by  their  specific 
composition  but  believes  that  they  should  be  classified  on  the  basis  of 
the  abundant  or  conspicuous  organisms  which  act  as  indicators  because  of 
their  favorable  response  to  environmental  conditions.  A  true  ecological 
classification  of  plankton  should  recognize  plankton  as  a  part  of  a  living 
community  which  is  comparable  to  an  organic  unit  passing  through  the 
stages  of  youth  and  maturity. 

The  animals  of  any  considerable  body  of  water  group  themselves 
into  two  natural  communities,  the  bottom  and  the  pelagic  communities, 
which  may  be  termed  societies  or  socies  as  they  correspond  to  the  ter- 
restrial stratal  societies  or  socies  of  Clements  (1916).  The  true  com- 
munity dominants,  namely,  fishes,  do  not  respect  the  difference  between 
bottom  and  open  waters.  Most  fishes  are,  properly  speaking,  bottom 
organisms  but  their  constant  forays  into  open  waters  place  them  as  im- 
portant factors  in  the  pelagic  community.  These  socies  offer  an  inter- 
relationship that  is  unique  and  entirely  different  from  that  of  the  cor- 
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responding  terrestrial  groups.  Terrestrial  societies  all  rest  on  solid 
substrata,  and  we  know  of  no  group  of  terrestrial  animals  which  spend 
their  entire  existence  suspended  in  the  surrounding  medium.  The  or- 
ganisms of  pelagic  societies  are  always  suspended  in  the  water.  Type 
of  bottom  cannot  influence  the  reactions  of  organisms  of  the  pelagic 
societies  as  it  does  those  of  the  bottom  society,  which  are  usually  in  close 
contact  with  the  bottom.  Furthermore,  the  pelagic  society  is  constantly 
shifting  with  currents  or  waves,  while  that  of  the  bottom  remains  fixed. 
The  development  of  the  pelagic  society  is  not  as  closely  related  to,  and 
dependent  on,  the  development  of  the  bottom  society,  as  is  the  develop- 
ment of  the  various  terrestrial  stratal  societies  to  each  other.  In  newly 
formed  bodies  of  water,  as  will  be  discussed  later,  the  pelagic  society 
develops  much  faster  than  the  bottom  society. 

The  organisms  of  the  plankton  constitute  an  important  element  in 
the  pelagic  community.  Over  500  species  of  organisms  have  been  re- 
ported from  the  plankton  of  the  waters  of  the  State  of  Illinois.  Prac- 
tically the  only  other  organisms  existing  in  this  fresh-water  community 
are  the  pelagic  fishes,  which  are  usually  dominants;  and  in  both  num- 
bers and  species,  the  plankton  organisms  greatly  out-number  these.  Truly 
pelagic  or  nektonic  fishes  are  rare  in  fresh  waters  and  are  limited  to  such 
forms  as  the  cisco  and  other  coregonid  fishes  which  occur  only  in  very 
deep  lakes. 

The  plankton  serves  as  a  convenient  index  to  pelagic  communities. 
Quantitative  collections  are  easily  obtained.  The  great  abundance  and 
number  of  species  give  a  greater  range  of  data  than  fishes  afford.  The 
organisms  serve  as  a  good  index  to  general  conditions  because  of  their 
inability  to  resist  currents  and  to  move  into  more  favorable  areas ;  con- 
sequently, their  abundance  may  be  considered  as  evidence  of  favorable 
reactions  to  the  conditions  of  the  habitat. 

In  land  communities  certain  species  are  abundant  and  therefore  con- 
spicuous because  of  their  favorable  reactions  to  environmental  condi- 
tions and  are  known  as  "predominants"  or  "prevalents."  Others,  known 
as  "dominants,"  usually  fishes  in  fresh  water,  exercise  some  control 
over  the  community  and  are  responsible,  in  part  at  least,  for  its  existence. 
Cahn  (1929)  found  indications  that  carp  introduced  into  a  lake  could 
destroy  the  vegetation  and  change  the  character  of  the  bottom  to  such 
an  extent  as  to  alter  the  fish  population.  Organisms  forming  important 
elements  in  food  chains  are  known  as  "influents."  "Characteristic"  or- 
ganisms are  those  forms  which  may  serve  as  indicators  of  conditions. 
They  are  not  necessarily  abundant;  indeed,  they  are  often  rather 
scarce,  their  mere  presence  or  absence  being  more  significant  than  their 
abundance.  These  terms  should  be  applicable  also  to  fresh-water  or- 
ganisms  insofar  as  communities  in  water  are   comparable  to  those  on 
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land.  In  this  paper  we  are  chiefly  concerned  with  the  characteristic  and 
abundant  or  predominant  organisms,  which  include  both  seasonals  and 
perennials,  as  our  knowledge  and  data  on  interrelations  between  aquatic 
organisms  are  insufficient  to  determine  the  other  types  definitely.  Ac- 
cordingly, all  abundant  or  characteristic  species  are  considered  either  as 
perennial  predominants  ("perennials")  or  as  seasonal  predominants 
("seasonals")  until  more  is  understood  about  their  relations  to  other 
members  of  the  community.  It  is  probable  that  many  plankton  organisms 
act  as  influents  by  serving  as  vital  elements  in  the  foods  of  other  forms 
and  possibly  even  as  dominants  in  controlling  the  community  by  this 
action  and  by  clearing  up  waste  and  inorganic  materials,  thus  preparing 
conditions  whereby  other  forms  can  exist. 

Another  group  of  organisms  found  in  the  plankton  may  be  termed 
"incidentals."  These  forms  often  constitute  more  than  half  of  the 
species  but  are  sporadic  and  seldom  abundant.  Such  forms  generally 
occur  once  or  twice  a  year  and  frequently  originate  from  foreign 
sources.  Therefore,  as  they  are  apparently  not  significant  or  important 
to  the  community,  their  presence  has  been  generally  disregarded  in  this 
study  and  only  considered  when  describing  the  entire  plankton  population. 

Communities  are  determined  by  their  organic  constitution,  in  which 
one  or  more  species  stand  out  and  serve  as  indicators,  and  by  the 
physiographic  state  of  their  habitat.  The  first  analysis  of  a  community 
should  be  made  from  a  physiographic  study.  This  is  best  applied  to 
both  permanent  and  developmental  communities.  The  conception  held 
by  most  ecologists,  that  aquatic  communities  are  developmental  stages 
of  land  communities,  is  not  necessarily  true  in  all  cases.  Streams  are 
permanent  so  long  as  the  existing  climate  endures,  and  this  is  the  same 
condition  under  which  land  communities  reach  and  maintain  a  permanent 
or  climax  stage.  Only  the  abandoned  areas  of  streams  become  devel- 
opmental stages  of  land  communities.  Apparently  streams  contain  the 
only  permanent  fresh-water  communities.  Streams  show  a  definite 
physiographic  development,  from  the  small  intermittent  stream,  with  its 
rapid  fall,  to  the  large  permanent  stream  approaching  a  base  level  and 
having  a  uniform  current  ( Shelf ord,  1913).  Their  characteristic  fluc- 
tuations of  current  and  level  make  it  difficult  to  study  their  communities. 

All  lakes  are,  at  least  in  part,  developmental  stages  of  land  commu- 
nities. Physiographically,  the  ultimate  fate  of  even  the  deepest  lake  is  to 
become  a  swamp  proceeding  toward  a  terrestrial  climax.  Many  lakes 
are  enlarged  stream  channels,  forming  large  and  deep  bodies  of  waters. 
These  are  best  considered  as  abandoned  parts,  or  natural  duplications 
of  abandoned  parts,  inasmuch  as  in  their  later  stages,  when  they  proceed 
toward  land,  they  contain  communities  similar  to  stream  portions  actually 
abandoned. 


331]  FRESH -WATER  PLANKTON  COMMUNITIES— EDDY  11 

AREAS  STUDIED 

In  order  to  secure  the  data  necessary  for  the  study  of  plankton  as 
an  el.ement  of  aquatic  communities,  it  was  essential  to  select  ponds,  lakes, 
and  streams  representing  all  stages  of  physiographic  development.  This 
paper  is  based  on  data  obtained  from  more  than  two  thousand  collections 
studied  from  this  viewpoint.  Advantage  was  taken  of  several  dams  and 
canals  to  furnish  quasi-experimental  evidence  on  development  and  ma- 
turity of  plankton  communities.  The  most  extensive  data  were  obtained 
from  the  Sangamon  River,  a  tributary  of  the  Illinois  River,  between 
Mahomet  and  Decatur,  Illinois.  Collections  on  this  stream  were  made 
semi-monthly  or  weekly  at  Decatur  from  1923  to  1929,  at  Monticello 
from  1927  to  1929,  and  at  Mahomet  from  1928  to  1929.  Collections  also 
were  made  at  stations  ten  to  fifteen  miles  apart  over  the  entire  Rock 
River  system  and  the  Illinois-Mississippi  Canal  under  the  direction  of  the 
Illinois  State  Natural  History  Survey  during  the  summers  of  1925,  1926, 
and  1927.  Ponds  at  Decatur  and  Urbana  were  studied  semi-monthly 
from  1926  to  1929.  Temporary  ponds  in  the  vicinity  of  Urbana  and 
Seymour,  Illinois,  were  studied  weekly  during  their  wet  periods  in  1926 
and  1928.  Many  occasional  collections  have  been  made  and  studied  from 
various  parts  of  the  United  States  whenever  opportunity  was  afforded 
to  the  writer.  In  addition,  extensive  collateral  data  have  been  obtained 
from  collections  made  by  other  workers  as  follows:  by  Dr.  C.  A.  Kofoid 
from  the  Illinois,  Mississippi,  and  Ohio  rivers ;  by  Mr.  R.  E.  Richardson 
from  the  Illinois,  Mississippi,  Ohio,  and  Fox  rivers  and  from  the  glacial 
lakes  of  northern  Illinois;  by  Dr.  S.  A.  Forbes  from  lakes  of  Yellowstone 
Park  and  Wisconsin;  by  Dr.  H.  J.  Van  Cleave  from  lakes  of  New 
Mexico,  Arizona,  and  California;  by  Prof.  Frank  Smith  from  lakes  in 
Colorado  and  Michigan;  by  Dr.  R.  D.  Bird  from  lakes  in  San  Juan 
County,  Washington;  by  Mr.  A.  L.  Hjortland  from  lakes  in  Minnesota; 
by  Miss  Beth  Hefelbauer  from  lakes  in  New  York;  and  by  Mr.  E.  E. 
Wehr  from  lakes  in  Montana. 


METHODS 

The  usual  methods  of  collecting  by  silk  net,  decantation,  filter  paper, 
and  centrifuge  were  employed.  Each  set  of  collections  consisted  of  a 
silk-net  collection  with  an  additional  collection  by  one  of  the  other  three 
methods  for  the  purpose  of  obtaining  data  on  the  nannoplankton.  At 
least  two  samples  of  each  collection  were  counted  in  a  Sedgwick-Rafter 
slide,  an  entire  cubic  centimeter  being  counted  instead  of  the  usual  ten 
random  counts  on  a  single  sample.   The  200  fields  of  the  microscope  on 
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the  slide  were  divided  into  ten  groups,  and  the  counts  of  all  these  groups 
were  made  separately  and  then  averaged.  From  the  averages  thus  ob- 
tained on  the  two  samples,  the  numbers  of  organisms  were  finally  com- 
puted per  cubic  meter,  which  was  the  standard  unit  volume.  This 
method  gave  a  more  representative  list  of  species  as  well  as  a  better 
average  than  is  usually  secured  by  the  common  method  of  basing  com- 
putation on  a  single  count  of  0.1  cc.  It  is  well  known  that  the  silk  net 
is  very  inefficient  and  allows  many  of  the  smaller  organisms  to  escape 
through  the  fine  meshes.  However,  as  larger  quantities  of  water  could 
be  used  (100  liters),  it  gave  better  qualitative  data  than  could  be  ob- 
tained by  any  of  the  other  methods.  The  quantitative  data  from  the 
silk  net,  after  repeated  tests,  showed  reasonable  accuracy  for  the  larger 
forms  such  as  the  Entomostraca.  All  the  collections  referred  to  in  the 
tables  of  data  in  this  paper  were  made  with  a  net  of  No.  25  bolting  silk 
unless  otherwise  indicated. 

The  decantation  method  proved  to  be  a  quite  accurate  and  very  con- 
venient method  for  collecting  nannoplankton.  A  known  volume  (1000 
cc.)  of  the  water  was  treated  with  2  cc.  of  formalin  and  allowed  to 
settle  for  two  weeks.  The  water  was  carefully  siphoned  ofif  until  only 
about  20  cc.  remained,  which  was  saved  with  the  residue  for  counting. 
When  floating  organisms  were  present,  care  was  taken  not  to  siphon 
off  any  of  the  surface  water.  Many  of  the  nannoplankton  collections 
from  Lake  Decatur  and  the  Sangamon  River  were  of  this  type.  Most 
of  the  plankton  collections  from  other  waters  studied  were  filter-paper  or 
centrifuge  collections. 

As  plankton  organisms  are  known  to  vary  in  vertical  distribution, 
collections  were  made  at  several  levels  in  waters  where  there  was  little 
current.  By  means  of  either  a  pump  or  water  bottle,  collections  were 
made  from  two  or  three  levels  depending  on  the  depth.  Averaging  the 
collections  from  the  different  levels  served  to  equalize  the  variations  in 
vertical  distribution.  Whenever  a  current  was  present  and  repeated  tests 
had  showed  no  vertical  variation,  the  collections  were  made  either  by 
dipping  with  a  bucket  or  by  pumping  a  known  volume  of  water  from 
two  feet  below  the  surface. 

In  an  effort  to  find  correlations  with  the  distribution  of  the  organ- 
isms, the  physical  conditions  of  the  water  were  determined  as  far  as 
possible  for  each  collection  taken.  At  most  of  the  stations  tests  for 
dissolved  oxygen  were  made  in  the  various  seasons  of  1928-29,  by  the 
Winkler  method  (Winkler,  1888)  as  described  by  Birge  and  Juday 
(1911).  The  temperature  and  pH  of  the  water  were  determined  at  each 
collection.  Also  the  level  of  the  water,  the  turbidity,  and  the  current 
were  noted  each  time. 
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Where  weekly  or  semi-monthly  collections  were  made,  the  data  were 
averaged  and  tabulated  on  the  monthly  basis  for  convenience.  The 
author  is  well  aware  of  the  many  fluctuations  in  abundance  occurring 
within  short  periods  of  even  a  week,  but  the  long  tables  necessary  to  in- 
clude these  detailed  data  are  undesirable  because  of  their  additional 
bulk.  Such  observations  are  desirable  for  a  detailed  study  of  plankton, 
but  in  a  general  study  monthly  averages  serve  very  well. 

For  each  station  where  series  of  seasonal  collections  were  made, 
the  organisms  have  been  tabulated  in  order  of  abundance  or  im- 
portance and  according  to  their  seasonal  arrangement,  without  any  regard 
to  their  systematic  order.  This  is  essential  in  an  ecological  paper  where 
distribution  is  of  more  importance  than  systematic  relations.  As  in  ter- 
restrial communities,  the  abundance  of  organisms  is  not  always  the  in- 
dex to  their  importance.  Some  very  small  organisms  are  very  abundant, 
running  into  billions  per  cubic  meter,  while  others  much  larger  are 
equally  important  though  running  only  a  few  hundred  per  cubic  meter. 


CONSTITUTION  OF  THE  PLANKTON  IN  STREAMS 

In  an  ecologically  "mature"  community  there  is  no  change  in  most  of 
the  predominant  species  from  year  to  year.  Such  communities  should  be 
distinguished  from  "developmental"  communities  by  their  relative  sta- 
bility and  by  the  absence  of  invaders  which  would  establish  different 
sets  of  conditions.  Communities  may  be  distinguished  from  others  of 
different  status  by  the  presence  of  abundant  or  predominant  organisms 
serving  as  indicators  of  given  sets  of  conditions. 

Stable  Streams 

Streams  for  the  study  of  mature  communities  should  be  selected  first 
on  a  physiographical  basis.  Alterations  in  the  channel,  changing  the 
physical  or  chemical  conditions  of  the  water,  by  an  increase  in  turbidity, 
by  the  introduction  of  water  of  recent  origin,  or  by  an  increase  in  rate 
of  flow,  may  retard  the  rate  of  development  or  change  the  ecological 
age  of  the  water  at  any  given  point.  The  tendency  is  to  wear  away  the 
stream  bed,  creating  a  more  uniform  channel.  No  stream  perhaps  ever 
completely  reaches  the  limit  of  old  age,  as  the  upper  course  is  usually  in 
such  a  physiographic  condition  as  to  produce  a  volume  of  silt  which 
more  or  less  affects  the  lower  portion.  Most  of  the  streams  of  the 
United  States  are  in  the  process  of  aging,  but  hardly  any  two  are  in  the 
same  physiographical  stage.  Therefore,  since  the  physiographical  stages 
show  considerable  variation,  it  is  necessary  to  select  those  suitable  for 
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the  study  of  the  ecological  conditions  of  maturity.  The  current  should 
be  relatively  slow  and  uniform.  The  Illinois  River  approaches  these 
conditions  very  closely.  The  Mississippi  and  the  Ohio  are  not  as  mature 
as  the  Illinois.  Purdy  (1923)  states  that  the  Ohio  is  geologically  young, 
not  having  reached  a  base  level  and  being  consequently  subject  to  con- 
siderable channel  erosion.  The  Mississippi  channel  is  subject  to  erosion 
and  receives  much  silt  from  tributaries;  consequently  the  water  is  very 
turbid.  Summer  collections  from  Rock  Island  to  Cairo,  made  by  C.  A. 
Kofoid  in  1902  and  R.  E.  Richardson  in  1908  for  the  Illinois  Natural 
History  Survey,  have  been  examined  by  the  writer  and  show  an  abun- 
dance of  silt  and  a  scanty  plankton  (Table  1).  The  same  seems  to  be 
true  of  collections  by  the  same  investigators  from  the  Ohio  between 
Paducah  and  Cairo.  Galtsoflf  (1924)  in  his  investigations  on  the  upper 
Mississippi  found  the  plankton  more  abundant  upstream.  He  reports  a 
rather  general  distribution  of  the  following  plankton  organisms  in  the 
section  of  the  river  between  Hastings,  Minnesota,  and  Alexandria,  Mis- 
souri: algae.  Microcystis  aeruginosa,  Aphanisomenon  flos-aquae,  Scene- 
dcsmus  quadricauda,  Pediastrum  duplex;  protozoans,  Eudorina  elegans, 
Codonella  crater  a;  and  rotifers,  Filinia  longiseta,  Polyarthra  trigla, 
Brachionus  calyciflorus,  Brachionus  capsuliflorus  (varieties),  and  Kera- 
tella  cochlearis.  The  writer  found  the  plankton  to  be  rather  rare  both  in 
species  and  in  abundance  in  the  collections  of  Kofoid  and  Richardson 
from  the  Ohio  and  the  Mississippi.  Purdy  (1923)  gives  no  definite  in- 
formation as  to  the  specific  content  of  the  plankton  of  the  lower  Ohio 
but  states  that  in  the  Paducah  district  the  plankton  is  scarce. 

The  collections  made  by  Richardson  from  the  Ohio  and  the  Missis- 
sippi were  made  continuously  by  pumping  a  stream  of  water  through  a 
plankton  net  suspended  in  a  barrel  on  deck  as  the  boat  traveled  down 
the  Mississippi  and  up  the  Ohio.  In  the  regions  listed  in  Table  1,  little 
difference  existed  between  the  collections  within  a  given  region,  so  that 
an  average  of  the  collections  gave  a  typical  and  representative  list  of 
the  plankton  for  that  area.  Difflugia  lohostoma  was  the  most  abundant 
form  in  the  Ohio.  The  other  but  less  abundant  forms  were  the  usual 
river  planktonts  as  follows:  Pediastrum  duplex,  Keratella  cochlearis, 
Polyarthra  trigla,  Cyclops  viridis,  Filinia  longiseta,  and  Brachionus 
angidaris. 

The  Mississippi  from  Rock  Island  to  Cairo  may  be  divided  into  two 
sections  as  distinguished  by  plankton  production.  The  upper  section, 
from  Rock  Island  to  the  mouth  of  the  Missouri,  carried  a  plankton  much 
richer  both  in  species  and  in  numbers  than  the  lower  section,  between 
the  mouth  of  the  Missouri  and  the  mouth  of  the  Ohio.  This  is  at  least 
in  part  due  to  the  increase  in  silt  from  the  waters  of  the  Missouri — an 
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increase  which  was  distinctly  noticeable  in  the  collections.  The  plankton 
of  the  lower  section  was  very  similar  to  that  of  the  Ohio,  containing  the 
same  predominants,  or  prevalents,  with  the  addition  of  Daphnia  longis- 
pina,  Cyclops  bicuspidatus,  Pedalia  mira,  and  Brachionus  budapestinensis. 
The  upper  section  not  only  contained  the  same  species  in  greater  abun- 
dance but,  as  may  be  noted  in  Table  1,  contained  many  other  species 
which  are  common  river  predominants. 

The  Illinois  River  approaches  the  physiographic  conditions  of  a 
mature  stream  more  closely  than  the  Mississippi  or  the  Ohio.  According 
to  Kofoid  (1903),  the  Illinois  River  occupies  an  ancient  and  well-worn 
preglacial  channel  which  causes  the  stream  to  have  little  fall  and  a  slow 
current.  The  erosion  and  turbidity  seem  to  be  less  than  in  the  Mississippi. 
Kofoid  reports  a  fall  of  only  0.13  feet  per  mile  in  the  Illinois  River 
from  Utica,  Illinois,  to  the  mouth;  while  Galtsoff  reports  a  fall  of  0.44 
feet  per  mile  in  the  Mississippi  from  St.  Paul  to  Alexandria.  The 
writer  has  examined  many  collections  from  the  Illinois  between  Utica 
and  the  mouth  which  agree  in  species  and  relative  abundance  with  the 
extensive  data  collected  by  Kofoid.  In  addition  to  the  recent  collections 
made  by  Mr.  R.  E.  Richardson  and  the  writer,  the  collections  and  un- 
published data  of  Kofoid  for  the  years  1896  and  1897  have  been  re- 
counted and  checked  by  the  writer,  and  tabulated  monthly  (Table  2). 
These  data,  together  with  those  for  1898  published  by  Kofoid  (1908), 
represent  the  seasonal  distribution  of  the  plankton  for  perhaps  the  most 
mature  stream  yet  studied  in  North  America.  Certain  species  such  as 
Lysigonium  granulatum,  Polyarthra  trigla,  Keratella  cochlearis,  Difflugia 
lobostoma,  and  Codonella  cratera  are  shown  to  be  definitely  perennial, 
existing  through  all  seasons  of  the  years  studied.  Others  are  seasonals, 
appearing  regularly  at  definite  periods  as  discussed  later.  In  general,  the 
plankton  is  very  abundant  below  the  points  of  pollution.  The  predomi- 
nants mentioned  as  occurring  in  the  Ohio  occurred  in  the  Illinois  as  either 
perennials  or  seasonals. 

An  extensive  survey  of  the  summer  plankton  of  the  Rock  River  from 
near  the  source  to  the  mouth  showed  an  abundance  of  the  same  pre- 
dominants as  found  in  the  Illinois.  A  series  of  dams  throughout  its 
length  creates  many  pools  which  serve  to  stabilize  the  current.  Weekly 
collections  were  made  at  10-15  mile  intervals  from  the  Wisconsin  line 
to  the  mouth  of  the  river.  The  specific  content  of  the  plankton  was 
found  to  be  the  same  at  different  points  although  there  was  some  varia- 
tion in  abundance  due  to  local  conditions.  The  station  at  Sterling  was 
selected  as  being  very  typical  of  the  Rock  River,  and  the  predominant, 
or  prevalent,  organisms  for  the  months  of  June,  July,  and  August,  1926, 
have   been   averaged    (Table    1).     Trachelomonas  volvocina,   Codonella 
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cratera,  Polyarthra  trigla,  Pediastrum  duplex,  and  many  other  forms  ap- 
pearing as  perennials  and  seasonals  in  the  IlHnois  River,  appeared  in  the 
Rock  River  abundantly. 

Collections  from  the  Fox  River  at  Algonquin,  Illinois,  made  by  Mr. 
R.  E.  Richardson  in  the  summer  of  1916,  were  counted,  averaged,  and 
are  tabulated  in  Table  1.  The  plankton  of  the  Fox  River  was  rather 
abundant  in  both  numbers  and  species  and  contained  most  of  the  pre- 
dominants  found  in  the  Illinois  in  summer,  in  nearly  the  same  relative 
abundance. 

A  tow  made  from  the  Wabash  River  at  Mt.  Carmel,  Illinois,  in  the 
spring  of  1927  when  the  river  was  at  flood  stage,  contained  many  of  the 
predominants  which  occurred  at  the  same  season  in  the  Illinois.  In  all 
the  large  streams  examined  which  seem  to  approach  stability,  the  same 
plankton  predominants  occurred,  though  with  some  irregularity. 

The  most  abundant  or  conspicuous  of  the  predominant,  or  prevalent, 
species  of  the  plankton  of  a  stable,  or  permanent,  river  community  in  the 
region  studied  are  as  follows: 


Algae 
Microcystis  aeruginosa 
Lysigonium  granulatum 
Scenedesmus  quadricauda 
Asterionella  gracillima 
Pediastrum  duplex 
Closterium  acerosum 

Protozoa 
Trachelomonas  volvocina 
Difflugia  globulosa 
Difflugia  lobostoma 
Codonella  cratera 
Synura  uvella 
Stentor  coeruleus 
Phacus  longicauda 
Eudorina  elegans 
Euglena  acus 
Euglena  viridis 
Euglena  oxyuris 
Tintinnidium  fluviatilis 
Ceratium  hirundinella 

Cladocera 
Chydorus  sphaericus 
Bosmina  longirostris 


Daphnia  longispina 
Moina  micrura 
Leptodora  kindtii 

Rotatoria 

Polyarthra  trigla 
Brachionus  calyciflorus 
Brachionus  capsuliflorus 
Brachionus  angularis 
Brachionus  budapestinensis 
Brachionus  havanaensis^ 
Keratella  cochlearis 
Keratella  quadrata 
Notholca  striata 
Filinia  longiseta 
Conochiloides  natans 
Pedalia  mira 
Asplanchna  brightwellii 
Synchaeta  pectinata 
Synchaeta  stylata 

Copepoda 
Cyclops  viridis 
Cyclops  bicuspidatus 
Diaptomus  pallidus 
Diaptomus  siciloides 


These  species  occurred  either  as  seasonals  or  as  perennials  in  the 
plankton  of  the  Illinois  River  (Table  2),   Most  of  these  were  abundantly 


^This  species  has  been  confused  with  Schisocerca  diversicornis  by  some  investigators  and 
erroneously  determined   as   such. 
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distributed  in  all  the  summer  collections  examined  from  the  Rock  River 
and  inany  were  found  in  the  other  large  streams  discussed.  The  same 
species  have  been  reported  for  the  Mississippi  by  Galtsoff  (1924)  and 
for  the  San  Joaquin  in  California  by  Allen  (1970).  They  show  some 
seasonal  fluctuation,  especially  in  the  winter,  and  many  that  are  never 
entirely  absent  may  be  termed  "fluctuating  predominants."  Plankton 
organisms  are  comparable  to  terrestrial  insects  in  their  seasonal  distri- 
bution. In  winter  some  species  usually  persist  in  the  adult  form  in 
small  numbers.  Other  species  exist  only  as  eggs,  resting  cells,  or  en- 
cysted stages.  Ecologically,  only  those  which  are  in  an  active  stage  and 
influencing  the  community  are  important  at  this  season. 

Impounded  Streams 

Observations  on  the  plankton  of  streams  after  damming  have  showed 
that  the  impounded  water  becomes  biologically  matured.  In  the  many 
pools  on  the  Rock  River  created  by  power  dams,  each  duplicating  the 
hydrographic  conditions  of  a  mature  stream,  the  same  species  of  plank- 
ton organisms  were  found  to  occur  as  elsewhere  in  the  river,  but  much 
more  abundantly.  The  diversion  of  a  small  part  of  the  water  at  Rock 
Falls,  into  the  Illinois-Mississippi  Canal,  created  a  body  of  water  with 
the  ideal  conditions  of  a  stable  stream.  All  the  disturbing  features  of 
stream  study,  such  as  fluctuations  in  current  and  level,  were  removed. 
The  water  flows  at  a  slow  uniform  speed  and  constant  gradient,  with- 
out fluctuations  of  level,  emptying  partly  into  the  Illinois  and  partly  into 
the  Mississippi.  As  the  water  proceeds  down  the  canal,  the  same  plank- 
ton organisms  as  are  found  in  the  Rock  River  become  much  more 
abundant,  especially  the  cladocerans  and  copepods.  The  bottom  fauna, 
on  the  other  hand,  according  to  Dr.  D.  H.  Thompson,  of  the  Illinois 
State  Natural  History  Survey,  while  of  the  same  composition  as  that 
of  the  river,  is  relatively  much  less  abundant. 

In  1922  a  dam  was  built  across  the  Sangamon  River  at  Decatur, 
creating  a  lake  one-half  mile  wide  and  twelve  miles  long,  commonly 
known  as  Lake  Decatur.  The  water  averages  from  six  to  eight  feet  in 
depth.  Only  at  the  narrow  places  where  bridges  have  been  constructed 
can  any  current  be  detected.  Observations  on  the  plankton  just  above 
the  present  lake  showed  that  only  a  slight  plankton  developed  when  the 
river  was  low.  As  a  result  of  damming  the  stream,  stable  conditions 
have  been  established  and  an  abundant  plankton  produced.  Since  Septem- 
ber, 1925,  collections  either  weekly  or  semi-monthly  have  been  made  on 
the  pool  at  Lost  Bridge,  two  miles  above  the  dam  and  ten  miles  below 
the  head  of  the  lake.  Previous  to  1925,  collections  were  made  there  from 
June,   1923,  until  April,   1924,  through  the  assistance  of   Prof.  A.  O. 
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Weese,  then  of  James  Millikin  University  and  now  of  the  University  of 
Oklahoma.  The  temperature  of  the  water  ranged  practically  the  same  in 
all  the  years  studied.  In  January  it  remained  about  1°  C.  under  the  ice. 
Beginning  in  February  it  increased  gradually  and  attained  an  average 
of  about  28°  C.  in  summer.  In  August  the  surface  temperatures  oc- 
casionally reached  30°  C.  The  water  at  this  point  was  from  15  to  20 
feet  deep,  and  the  bottom  temperature  was  always  about  one  degree 
lower  than  the  surface  temperature.  The  pH  value  was  rather  steady 
throughout  the  year  and  was  always  well  within  the  limits  of  life,  gen- 
erally remaining  at  about  7.6  and  occasionally  falling  to  7.0  in  mid- 
winter.  Dissolved  oxygen  determinations  were  made  as  follows: 

Cubic  centimeters 
Date  per  liter 

August  18,  1928 3.25 

November  20,  1928 9.27 

February  22,  1929 11.26 

June  28,  1929 4.10 

This  showed  a  high  content  of  dissolved  oxygen  in  winter  and  a  lower 
content  in  summer,  but  always  an  abundant  supply  to  meet  the  require- 
ments of  the  plankton  organisms.  Birge  and  Juday  (1911)  found 
plankton  flourishing  in  water  with  0.5  cc.  of  dissolved  oxygen  per  liter 
and  found  many  planktonts  living  very  well  in  water  with  only  0.25  cc. 

The  plankton  is  abundant  during  the  warmer  months,  but  rather 
scanty  during  the  colder  months.  The  predominant,  or  prevalent,  organ- 
isms (Tables  4-7)  are  the  same  as  those  found  in  the  stable  rivers 
mentioned.  The  greater  pdrt  of  the  volume  of  the  summer  plankton  is 
composed  of  Diaptomus  siciloides,  Cyclops  viridis,  Cyclops  bicuspidatus, 
Diaphanosoma  hrachyurum,  Brachionus  calyciflorus,  Difflugia  lohostoma, 
and  Codonella  cratera.  Other  predominants,  such  as  the  common  roto- 
fers,  Polyarthra  trigla  and  Keratella  cochlearis,  although  conspicuous  in 
all  the  collections,  do  not  occupy  much  of  the  volume. 

The  lake  was  one  year  old  when  the  plankton  was  first  studied.  At  this 
period  there  was  an  abundance  of  chlorophyl-bearing  flagellates,  partic- 
ularly Pleodorina  illinoisensis.  Each  year  there  was  an  apparent  tend- 
ency toward  stability  (Table  19).  Blue-green  algae  did  not  appear 
until  the  summer  of  1926  and  reappeared  in  the  summer  of  1928.  The 
number  of  species  of  planktonts  increased  from  year  to  year.  The  out- 
standing perennials,  such  as  Keratella  cochlearis  and  Polyarthra  trigla, 
have  persisted  at  all  times  in  the  collections.  Others,  such  as  Lysigonium 
granulatum,  Difflugia  lohostoma,  and  Bosmina  longirostris,  first  appeared 
as  seasonals  and  then  became  established  as  perennials.  Brachionus 
calyciflorus  and  Microcystis  aeruginosa,  which  appeared  as  perennials 
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in  the  Illinois  River  in  1896,  1897,  and  1898,  have  occurred  only  as  sum- 
mer forms  in  Lake  Decatur.  Some  species,  such  as  Asterionella  gracil- 
Uma,  have  not  yet  appeared.  From  the  fact  that  new  species  are  appear- 
ing each  year,  it  seems  that  the  plankton  has  not  yet  reached  a  climax, 
or  state  of  maturity,  and  that  probably  a  community  similar  to  that  of 
a  mature  river  is  being  established. 

No  species  found  in  the  plankton  since  1923  has  ever  completely 
dropped  out.  Even  Pleodorina  illinoisensis,  which  appeared  abundantly 
in  1923,  has  since  occurred  in  small  numbers,  although  not  abundant 
enough  to  be  called  predominant  or  prevalent.  This  continuous  pro- 
gression of  species  is  not  "succession"  in  the  same  sense  as  this  term  is 
applied  to  the  development  of  terrestrial  communities,  but,  as  will  be 
discussed  later,  this  progression  is  more  comparable  to  invasion  and 
colonization  of  a  barren  terrestrial  area.  All  the  predominants  so  far 
found  in  the  plankton  of  Lake  Decatur  have  been  found  as  predomi- 
nants in  the  Illinois  River.  In  Lake  Decatur,  the  absence  or  seasonal 
variation  in  distribution  of  some  of  the  Illinois  River  predominants  may 
possibly  be  explained  by  the  difference  in  the  stage  of  stability. 

Galtsoff  (1924)  in  his  plankton  survey  of  the  upper  Mississippi 
found  that  there  was  a  great  increase  in  the  plankton  of  the  river  when 
it  entered  Lake  Pepin  and  the  lake  above  the  Keokuk  dam.  In  each  of 
these  places  the  waters  were  impounded  over  large  areas,  and  the 
species  were  the  same  as  elsewhere  in  the  river,  but  much  more  abundant. 
Coker  (1929)  found  that  the  Entomostraca  of  the  plankton  of  the 
Mississippi  River  increased  as  the  water  approached  the  Keokuk  dam. 

The  plankton  element  of  mature  streams  may  be  reproduced  by  im- 
pounding the  waters  of  immature  streams  so  that  they  may  age  under 
more  stable  conditions.  The  waters  are  retained  and  aged  under  relatively 
stable  conditions  of  level  and  reduced  current — all  of  which  are  conducive 
to  plankton  development  and  are  similar  to  the  conditions  of  a  large  and 
stable  stream.  The  impounded  water,  being  relatively  free  from  the 
disturbing  fluctuations  of  floods,  permits  studies  to  be  made  that  reveal 
seasonal  trends  comparable  to  those  in  a  stable  stream.  The  establish- 
ment of  the  plankton  community  in  impounded  waters  occupies  some 
time.  Many  of  the  species  predominant  in  Lake  Decatur  in  1928  were 
present  the  second  year  after  filling  and  probably  were  present  the  first. 
The  number  and  abundance  of  species  increased  gradually  each  year 
until  the  plankton  became  similar  to  that  of  a  stable  stream. 

Young  Streams 

In  an  attempt  to  trace  the  earty  development  of  plankton  in  young 
stream  communities,  streams  ranging  from  20  to  60  feet  in  width  and 
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averaging  from  one  to  three  feet  in  depth  were  selected.  Their  current- 
speeds  ranged  from  two  to  five  miles  per  hour,  because  of  the  relatively 
great  fall,  and  were  subject  to  sudden  fluctuations.  Small  rapids  and 
pools  characterized  their  course,  because  of  the  irregular  erosion  of  the 
bed.  Plankton  collections  were  made  at  stations  from  20  to  40  miles 
from  the  source  of  the  stream;  consequently,  the  water  was  seldom 
over  48  hours  old  and  generally  less  than  24  hours  old. 

During  1928,  semi-monthly  collections  were  made  from  the  Sangamon 
River  at  Mahomet,  34  miles  from  its  source  (Table  3).  Water  levels 
at  this  station  were  relative  to  those  recorded  at  Monticello  (Table  9). 
The  normal  width  of  the  stream  was  50  feet,  and  the  depth  averaged  2 
feet.  The  temperature  ranged  from  an  average  of  9  degrees  C.  in  March 
to  27.5  degrees  C.  in  August.  No  collections  were  made  in  winter  when 
the  river  was  frozen  over.  The  pH  was  always  7.6.  The  dissolved 
oxygen  content,  which  was  higher  in  summer  than  that  of  any  of  the 
other  stations,  ran  as  follows: 

Cubic  centimeters 
Date  per  liter 

August  2,  1928 11.20 

November  21,  1928 , ' 9.32 

February  20,  1929 8.50 

June  28,  1929 4.85 

Few  true  plankton  organisms  occurred  in  any  of  the  collections. 
Occasionally  a  few  diatoms  or  protozoans  belonging  to  the  bottom  com- 
munity were  found  in  the  collections.  During  the  extreme  low  water  in 
summer  when  the  current  was  greatly  reduced,  a  green  bloom  of  Euglcna 
viridis  formed  on  a  few  pools  and  constituted  the  only  evidence  of 
abundant  pelagic  organisms. 

During  part  of  1927  and  all  of  1928,  collections  were  made  from  the 
Sangamon  River  at  Monticello,  23  miles  below  the  station  at  Mahomet 
and  57  miles  below  the  source  (Tables  8  and  9).  The  river  at  this  point, 
though  practically  the  same  in  width,  was  considerably  deeper  than  at 
Mahomet,  averaging  4  feet,  but  no  differences  could  be  found  in  the  rate 
of  flow. 

Water  levels  (Fig.  8)  were  averaged  monthly  from  readings  made 
by  the  U.  S.  Geological  Survey  from  a  gage  maintained  about  one  mile 
below  the  station.  In  1927  the  river  was  high  in  March,  April,  May, 
and  June,  reaching  a  low  stage  in  August.  In  1928  a  low  stage  was 
reached  in  May  and  remained  until  December  except  for  several  small 
rises.  The  temperature  showed  the  usual  gradual  rise  from  2°  C.  in 
February  to  about  26°  C.  in  August.  The  pH  seldom  varied  from  7.6. 
The  dissolved  oxygen  determinations  were  as  follows: 
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Cubic  centimeters 
Date  per  liter 

August  8,  1928 3.25 

November  20,  1928 9.27 

February  22,  1929 11-26 

June  28,  1929 4.10 

The  first  evidence  of  plankton  in  the  course  of  the  Sangamon  occurred 
at  this  point.  Bottom  diatoms  were  most  abundant  and,  together  with  a 
few  bottom  Protozoa,  constituted  most  of  the  plankton  for  December, 
January,  and  February.  In  summer,  partly  because  of  the  seasonal  re- 
duction in  the  current,  true  planktonts  appeared  in  small  numbers.  At 
this  time,  during  the  low  water  stages,  many  stable  river  perennials  oc- 
curred as  seasonals.  The  rotifer  Notholca  striata  made  its  usual  spring 
appearance  as  in  the  older  streams  and  designated  a  scanty  spring  socies. 
The  plankton,  however,  even  in  the  summer  was  never  abundant  and, 
as  the  river  bore  true  planktonts  only  part  of  the  year  and  many  of  these 
were  stable  river  perennials,  this  point  in  the  stream  may  be  considered 
as  representing  the  stage  of  stream  succession  at  which  plankton  produc- 
tion first  develops. 

Random  collections  have  been  made  from  other  small  and  apparent- 
ly young  streams  in  Illinois,  including  Green  River  near  Geneseo,  Deer 
Creek,  and  Elkhorn  Creek  in  Whiteside  County,  Pecatonica  River  at 
Pecatonica  and  Harrison,  Kishwaukee  River  near  Rockford,  Leaf  River 
near  Byron,  Stevens  Creek  near  Decatur,  Salt  Fork  at  Oakwood,  and 
also  from  many  small  streams  in  Wisconsin,  Michigan,  Colorado,  and 
numerous  other  states.  Few  true  plankton  organisms  occurred  in  any  of 
the  collections.  Kofoid  (1903)  found  that  a  small  stream,  the  Spoon 
River,  near  its  mouth  (75-100  ft.  wide)  contained  very  little  plankton. 
The  plankton  was  most  abundant  in  the  summer  season  and  consisted 
chiefly  of  Trachelomonas  and  Euglena.  In  general,  small  streams  with 
a  swift  current  contain  no  evidence  of  a  definite  plankton  community.  The 
development  of  a  bottom  community,  however,  is  indicated  by  the  mol- 
lusks  and  insect  larvae  seen  in  all  the  streams  mentioned.  In  the  suc- 
cession of  stream  communities,  the  pelagic  community  does  not  appear 
permanently  until  the  stream  has  reached  some  degree  of  stability. 

Not  all  small  streams  are  young  or  unstable.  During  the  summer 
months,  small  sluggish  streams  often  contain  an  abundant  pelagic  popu- 
lation which  differs,  however,  from  that  of  the  more  mature  stream. 
All  the  streams  of  this  type  examined  were  dredged  ditches  draining 
swampy  areas.  Consequently,  there  was  little  fall,  and  as  there  was 
slight  current,  the  water  was  much  older  than  that  of  young  streams  of 
similar  size  and  length.  Vegetation  was  abundant  in  all  the  streams  of 
this  type  examined.    The  Cache  River  in  the  southern  part  of  Illinois 
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was  studied  in  1928-1929.  This  stream  is  mainly  a  dredged  channel 
(30-40  feet  wide,  2-4  feet  deep)  draining  extensive  cypress  swamps. 
Usually  the  current  is  extremely  sluggish;  in  fact,  at  times  it  cannot  be 
detected.  Seasonal  collections  from  several  points  on  this  stream  and 
from  tributary  ditches  showed  an  abundant  plankton  composed  largely 
of  chlorophyl-bearing  flagellates.  Collections  made  in  July,  1926,  and 
September,  1927,  from  a  small  sluggish  stream  (10  feet  wide,  2  feet 
deep)  near  Deer  Grove,  Illinois,  contained  numerous  chlorophyl-bearing 
flagellates  and  desmids.  A  channel  draining  a  swampy  area  west  of 
Erie,  Illinois,  contained  the  same  type  of  plankton.  Virtually,  these 
streams  are  only  slowly  moving  shallow  ponds. 


CONSTITUTION  OF  THE  PLANKTON  IN 
LAKES  AND  PONDS 

Lakes  and  ponds  are  bodies  of  water  differing  from  each  other 
chiefly  in  depth  and  distinguished  from  rivers  largely  by  lack  of  current. 
In  bodies  of  still  water,  aquatic  life  should  reach  its  greatest  develop- 
ment, as  here  conditions  of  stability  are  best.  Various  types  of  lakes 
have  long  been  recognized  as  containing  different  types  of  plankton. 
Forel  (1903)  divided  European  lakes  into  three  t3'pes  on  the  basis  of 
temperature.  Marsh  (1903)  recognized  distinct  differences  in  the  plank- 
ton of  Green  Lake  and  Lake  Winnebago,  and  noted  that  deep  lakes 
contained  plankton  different  from  that  in  shallow  lakes.  Whipple  (1898) 
classified  lakes  according  to  amount  and  duration  of  surface  and  bottom 
temperatures.  Birge  and  Juday  (1914)  classified  lakes  according  to  their 
respective  heat  budgets.  Thienemann  ( 1926)  classified  lakes  on  the  basis 
of  bottom  predominants.  This  classification  is  related  indirectly  to  that 
used  by  many  European  investigators  who  classify  lakes  as  eutrophic, 
oligotrophic,  and  dystrophic  according  to  the  amount  and  origin  of 
detritus  and  oxygen  on  the  bottom.  This  is  largely  determined  by 
depth,  and  the  sum  of  these  and  other  factors  determines  the  predominant 
or  prevalent  species. 

A  study  of  the  plankton  of  various  types  of  lakes  shows  a  classifi- 
cation of  lakes  by  plankton  predominants  correlated  to  a  certain  extent 
with  the  classification  by  temperature  and  depth.  The  shallow  lakes  so 
common  in  central  Illinois,  and  the  moderately  deep  and  truly  deep  glacial 
lakes  farther  north,  have  certain  plankton  predominants  in  common  but 
differ  in  having  others  which  characterize  each  of  the  various  types  of 
lakes.  Without  evidence  from  the  swimming  organisms  and  bottom 
socies,  it  is  impossible  to  state  whether  these  belong  to  three  distinct 
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ecological  communities  related  to  one  climax  or  whether  they  repre- 
sent the  communities  of  two  regional  climaxes  of  formational  rank 
in  Illinois  and  farther  north.  Temperature,  largely  influenced  by  depth 
and  to  some  extent  by  climatic  differences,  seems  to  be  the  chief  factor 
differentiating  the  plankton  in  these  types  of  lakes.  The  following  dis- 
cussion, however,  is  not  based  primarily  on  physical  factors  but  on  the 
plankton  predominants,  or  prevalents,  which  are  products  of  the  environ- 
mental factors  and  show  ecological  relations  of  the  various  communities. 

Shallow  Lakes  and  Perennial  Ponds 

In  the  study  of  plankton  in  relation  to  communities,  it  is  necessary  to 
trace  its  development  in  the  communities  which  lead  from  water  to  land. 
As  previously  mentioned,  it  is  possible  to  consider  ponds  and  certain 
lakes  as  detached  or  abandoned  stream  areas.  As  the  conditions  in  an 
abandoned  part  of  a  stream  become  more  stable,  the  plankton  increases ; 
later  when  there  is  no  longer  any  connection  with  the  stream  and  when 
littoral  conditions  appear,  the  plankton  declines.  When  parts  of  a  stream 
too  young  to  support  a  pelagic  community  are  abandoned,  they  will,  if 
of  sufficient  area  and  depth,  reproduce  the  plankton  element  of  a  stable 
stream  as  far  as  the  size  will  permit.  Later  when  these  parts  are  reduced 
by  gradual  filling  by  deposition  and  invasion  of  terrestrial  vegetation,  the 
plankton  is  supplanted  by  littoral  organisms. 

Ponds  in  this  respect  may  be  either  detached  portions  of  streams  or 
else  natural  or  artificial  reproductions  of  abandoned  areas  of  streams. 
Artificial  ponds  so  common  in  our  municipal  parks  are  similar  in  their 
plankton  composition  to  ponds  of  similar  size  cut  off  from  streams  or  pro- 
duced by  other  natural  agencies.  Two  such  ponds  at  Decatur  and  at  Ur- 
bana,  because  of  their  availability,  were  selected  for  study. 

The  pond  at  Decatur  was  created  in  1902  by  damming  a  depression 
in  Fairview  Park.  It  covered  nearly  three  acres  and  ranged  from  three 
to  five  feet  in  depth.  Collections  were  made  weekly  most  of  the  time 
from  October,  1925,  until  December,  1928.  The  temperature  reading 
showed  a  gradual  range  from  nearly  2°  C.  in  February  to  about  28°  C. 
in  August.  The  pH  was  generally  about  7.6  in  summer  and  sometimes  as 
low  as  6.6  in  winter.  The  determinations  for  the  dissolved  oxygen  content 
were  as  follows: 

Cubic  centimeters 
Date  per  liter 

August  19,  1928 2.51 

November  24,  1928 8.14 

March  3,  1929 9.22 

No  differences  were  found  in  bottom  and  surface  conditions. 
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The  pond  at  Urbana  was  created  by  dredging  part  of  the  abandoned 
channel  of  the  West  Branch  of  the  Salt  Fork  in  Crystal  Lake  Park  in 
1908.  This  pond  is  about  one-half  mile  long  and  75  feet  wide  and  has 
an  average  depth  of  four  feet.  Collections  were  made  regularly  from 
October,  1926,  until  December,  1928  (Table  11).  The  temperature  ranged 
from  2°  C.  in  February  to  27°  C.  in  August.  The  pH  varied  from  7.0 
in  winter  to  7.8  in  mid-summer.  The  determinations  for  dissolved 
oxygen  were  as  follows: 

Cubic  centimeters 
Date  per  liter 

August  8,  1928 2.00 

November  20,    1928 5.22 

February  22,  1929 7.25 

In  both  ponds,  it  was  usually  impossible  to  collect  during  the  month 
of  January,  as  the  ponds  were  used  for  skating  and  cutting  of  the  ice 
was  prohibited.  The  plankton  was  similar  in  both  ponds  except  that 
Diaptomus  pallidus  was  present  in  the  Decatur  pond  but  never  in  the 
Urbana  pond.  Minor  differences  were  noted  in  many  other  organisms, 
but  most  of  the  abundant  species  considered  as  predominants  or  prev- 
alents  were  the  same  in  both  ponds  and  were  the  same  as  those  found 
in  the  plankton  of  stable  rivers.  Some  forms  which  were  perennials  in 
Kofoid's  collections  from  the  Illinois  did  not  show  the  same  seasonal  dis- 
tribution in  the  park  ponds.  The  plankton  was  very  abundant  even  in 
winter  under  the  ice.  The  dissolved  salt  content  as  indicated  by  dissolved 
chlorides  ran  much  higher  than  that  of  the  open  waters  such  as  Lake 
Decatur.  These  ponds  from  their  lack  of  outlets  would  be  expected  to 
have  a  higher  salt  concentration  than  waters  with  open  circulation. 

Collections  from  similar  artificial  ponds  at  Inverness,  Mississippi,  at 
Neosha,  Wisconsin,  and  at  Mt.  Carmel,  Illinois,  contained  the  same 
plankton  predominants.  An  artificial  pond  near  Mineral,  Illinois,  created 
in  1908  by  excavating  for  the  embankment  of  the  Illinois-Mississippi 
Canal,  was  studied  in  the  summers  of  1926  and  1927.  This  pond  covered 
about  one-half  acre  and  was  not  over  two  feet  deep.  The  same  predom- 
inants occurred  as  in  the  other  artificial  ponds. 

Collections  have  been  made  from  many  natural  floodplain  lakes  of 
this  depth,  most  of  them  old  stream  oxbows,  including  Reel  foot  Lake 
in  Tennessee,  Wolf  Lake  in  Union  County,  Illinois,  and  numerous 
sloughs  along  the  Rock  River  in  northern  Illinois  (Table  15).  Most  of 
the  same  common  predominants  occurred  as  in  the  other  ponds  and  as 
in  the  stable  streams.  This  leads  one  to  the  conclusion  that  for  a  certain 
length  of  time  after  abandonment,  areas  of  sufficient  size  support  a 
mature  stream  population.  The  primary  factor,  undoubtedly,  is  the  age 
of  the  water  and  freedom  from  disturbance  by  fluctuations  in  current 
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and  level.  In  most  of  the  areas  studied,  there  was  little  or  no  outflow; 
consequently,  the  waters  were  not  of  recent  origin  but  were  old  enough 
to  support  a  much  heavier  plankton  than  that  of  the  stream  from  which 
they  had  originated. 

Kofoid  found  that  Thompson  Lake  and  several  others  on  the  Illinois 
River  acted,  in  part  at  least,  as  supply  reservoirs  for  the  river  plankton. 
His  list  of  species  shows  no  great  specific  difference  between  the  lake 
plankton  and  that  of  the  river.  The  lakes  usually  produced  a  more 
abundant  plankton  characterized  by  more  abundant  Entomostraca  than 
the  river,  but  the  predominant  or  prevalent  species  were  the  same. 

Large  areas  are  not  alone  essential  for  the  existence  of  the  plankton 
of  mature  communities.  Many  small  lakes  of  a  size  similar  to  the  park 
ponds  described  above  have  been  found  to  bear  a  plankton  which  differs 
in  the  absence  of  certain  predominants,  chiefly  the  rotifers  of  the  genus 
Brachionus.  These  ponds  contain  waters  of  an  acid  nature  and  are  sur- 
rounded by  bogs  or  swamps.  They  are  similar  to  bodies  of  water  in  the 
south  surrounded  by  cypress  swamps  and  those  of  the  north  connected 
with  tamarack  bogs.  Collections  were  made  from  July,  1928,  to  August, 
1929,  on  Horseshoe  Lake  in  Alexander  County,  Illinois;  in  June,  July, 
and  August,  1927,  on  Mclntyre  Lake  near  Money,  Mississippi  (Eddy  and 
Simer,  1928),  and  Macon  Lake,  Three  Mile  Lake,  and  Lake  Dawson  near 
Inverness,  Mississippi  (Table  15).  All  these  lakes  are  from  5  to  15  feet 
deep  and  cover  hundreds  of  acres.  The  shores  are  swampy  and  are  cov- 
ered with  cypress  trees  and  other  vegetation  which  often  extends  100 
feet  from  the  land.  The  pH  ranged  from  7.0  to  6.4.  The  plankton  con- 
tained the  same  predominants  as  stable  rivers  with  the  exception  of  the 
rotifers  mentioned.  The  latter  were  sometimes  present,  but  in  all  collec- 
tions examined  they  were  very  scarce.  Harring  and  Myers  ( 1928)  report 
these  rotifers  as  reacting  unfavorably  towards  acidity. 

The  writer  has  not  had  much  opportunity  to  examine  the  plankton 
of  tamarack  bog  lakes,  his  only  collections  being  single  collections 
from  Lake  County,  Illinois,  Waukeshaw  County,  Wisconsin,  and  San 
Juan  County,  Washington.  The  water  of  all  these  lakes  was  more  acid 
than  could  be  determined  on  the  brom-thymol  blue  pH  indicator  set  car- 
ried by  the  writer.  The  water  had  a  characteristic  brown  color.  A  "false 
bottom"  of  partially  decayed  organic  matter  was  present  in  each  lake. 
The  plankton  was  fairly  abundant  and  contained  the  usual  prevalents 
with  the  exception  of  the  rotifers  of  the  genus  Brachionus. 

The  plankton  predominants  cited  in  this  paper  for  shallow  lakes  and 
stable  rivers  are  largely  based  on  studies  carried  on  in  Illinois  and 
southern  Wisconsin.  Differences  in  predominants  of  such  waters  due 
to  differing  climates  are  very  likely  to  be  found  in  other  latitudes.    The 
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prevalent  rotifers  of  the  genus  Brachionus  which  are  so  conspicuous  in 
the  IlHnois  and  Rock  River  and  in  shallow  lakes  of  the  same  vicinity  are 
scarce  or  lacking  in  the  writer's  observations  on  southern  waters  (Eddy, 
1931).  Recent  observations  in  central  and  northern  Minnesota  show  them 
to  be  very  rare  in  shallow  lakes  and  large  streams.  If  species  of  Bra- 
chionus are  associational  predominants,  or  prevalents,  this  seems  to  in- 
dicate a  difference  in  predominants  from  north  to  south  and  suggests  a 
change  in  the  association. 

Temporary  Ponds 

The  successional  trend  of  such  lakes  and  ponds  as  have  been  pre- 
viously discussed  is  to  fill  gradually  until  they  become  too  shallow  to 
hold  enough  water  to  last  through  periods  of  drought.  They  then  become 
temporary  ponds,  containing  water  only  during  the  wet  seasons  of  the 
year.  Vegetation,  particularly  button  bush  and  willow,  often  invades  the 
ponds  studied  at  this  stage. 

Murray  (1911)  made  a  study  of  the  annual  distribution  of  the  or- 
ganisms of  a  temporary,  or  periodic,  pond  near  Glasgow.  The  plankton 
and  bottom  fauna  were  mixed  to  such  an  extent  that  it  was  impossible 
to  distinguish  between  them.  The  predominant  or  prevalent  species  were 
in  many  cases  either  the  same  as,  or  closely  related  to,  those  found  in  the 
ponds  studied  by  the  present  writer.  Prevalents  appeared  in  the  Glasgow 
pond  almost  as  soon  as  the  pond  filled  but  did  not  become  abundant  until 
the  water  was  warm. 

An  oxbow  pond  north  of  Urbana,  Illinois,  was  studied  in  1927  and 
1928  (Table  12).  This  pond  was  one  of  a  series  left  in  the  old  channel 
of  the  West  Branch  of  the  Salt  Fork  by  the  construction  of  a  drainage 
ditch  in  1908.  Smart  weed  and  willow  were  abundant  in  it.  When  full 
of  water  it  was  about  a  foot  deep  and  15  feet  wide  by  several  hundred 
feet  long.  Each  year  it  filled  in  October  and  dried  up  in  August.  During 
the  winter  months  it  was  frozen  to  the  bottom  and  no  pelagic  life  of  any 
kind  could  be  found.  The  temperature  when  the  pond  thawed  in  January 
or  February  ranged  from  0.5°  to  3°  C.  and  gradually  increased,  reaching 
28°  C.  in  August.  The  summer  pH  was  around  7.6,  and  the  winter  pH 
was  7.4-7.1.  No  tests  of  dissolved  oxygen  were  made,  but  from  the 
amount  of  submerged  vegetation  it  is  very  probable  that  this  was  high, 
at  least  in  the  warmer  months. 

Series  of  collections  were  made  on  three  temporary  ponds  on  the 
prairie  west  of  Seymour,  Illinois,  during  the  wet  season  of  1926,  through 
the  assistance  of  Dr.  Martha  Shackelford.  Also  in  1928,  collections  were 
made  in  the  largest  of  these  ponds  in  the  wet  season  (Table  13).  The 
temperature  ranged  from  freezing  in  winter  to  28°  C.  in  summer.    The 
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shallow  ponds  such  as  this  and  the  preceding  showed  more  daily  fluctua- 
tion in  temperature  than  was  noticed  in  the  deeper  bodies  of  water 
studied.  The  pH  usually  remained  about  7.6.  Only  one  dissolved  oxygen 
determination  was  made,  on  November  26,  1928,  when  the  ice  was  one 
inch  thick.  The  reading  was  only  1.55  cc.  per  1.  At  that  time  the  pond 
had  been  filled  only  four  weeks  and  the  vegetation  had  not  resumed  its 
growth.  The  dissolved  oxygen  content  probably  would  run  higher  in 
warmer  months  because  of  the  large  amount  of  submerged  vegetation. 

Seasonal  conditions  similar  to  those  in  the  Urbana  pond  existed  here 
when  the  ponds  filled  in  the  fall.  Bottom  and  pelagic  organisms  soon 
appeared  and  formed  communities  (Fig.  7),  which  later  disappeared 
when  the  ponds  froze  solid.  In  late  February  or  early  March  these  com- 
munities again  appeared  with  the  thawing  of  the  ice  and  persisted  until 
the  complete  drying  up  in  August. 

All  these  temporary  ponds  contained  a  questionable  plankton  insofar 
as  there  were  only  a  few  species  of  true  pelagic  organisms.  Bottom  or 
vegetation  forms  were  common  and  abundant.  This  aggregation  of 
organisms  should  be  considered,  however,  as  they  are  comparable  to 
plankton  and  represent  the  last  trace  of  plankton  before  it  entirely  dis- 
appears as  the  aquatic  community  merges  into  the  terrestrial  community. 
All  the  different  ponds  agree  in  the  presence  of  certain  predominants. 
The  cladoceran  Camptocerciis  rectirostris  and  the  copepod  Cyclops  ser- 
rulatus  and  several  undetermined  species  of  Canthocamptus  are  charac- 
teristic of  ponds  of  this  type  only.  Other  prevalents  which  occasionally 
occur  also  in  other  bodies  of  water  are  various  species  of  Simocephalus 
and  Ceriodaphnia.  CJiydorus  sphaericus,  Cyclops  bicuspidatus,  Trachel- 
omonas  volvocina,  Notholca  striata,  Scenedesmus  quadricauda,  Synura 
iwella,  are  forms  which  are  prevalent  both  in  temporary  ponds  and  in 
mature  streams.  Rotifers  are  seldom  abundant  and  generally  consist  of 
bottom  species,  especially  those  of  the  genus  Monostyla.  The  protozoans 
are  usually  bottom  forms,  although  chlorophyl-bearing  flagellates  are  very 
abundant  in  summer.  The  same  predominants  were  found  in  random 
collections  made  from  temporary  ponds  elsewhere  in  Illinois,  namely,  at 
Cerro  Gordo,  Muncie,  Erie,  and  Amboy. 

The  bottom  fauna  is  abundant  in  these  ponds,  but  with  the  .oss  of 
depth  the  pelagic  society  has  largely  disappeared.  Kofoid  found  that, 
in  general,  waters  rich  in  submerged  macro-flora  produced  less  plankton 
than  those  free  from  vegetation.  Mere  size  has  little  to  do  with  plankton 
production  except  where  littoral  influences  creep  in  as  the  area  con- 
tracts. Collections  in  cross-section  from  Lake  Decatur  showed  no  marked 
differences  until  entering  the  littoral  areas  at  the  shores.    In  this  area 
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where  the  aquatic  habitat  merged  into  land,  the  plankton  contained  the 
same  predominants  as  found  in  temporary  ponds.  The  pelagic  socies 
appears  after  the  bottom  socies  in  the  developing  community  of  a  young 
stream  and  disappears  before  the  bottom  socies  in  the  terrestrial  succes- 
sion of  an  abandoned  portion  of  the  stream.  When  a  stream  is  turned 
into  a  new  channel,  as  in  the  Illinois-Mississippi  Canal,  or  when  a  young 
stream  is  prematurely  aged,  as  at  Decatur,  the  pelagic  socies  develops 
before  the  bottom.  This  is  probably  because  the  pelagic  conditions 
essential  for  maturity  are  prepared  sooner  than  those  of  the  bottom. 

A  striking  instance  of  the  persistence  of  plankton  in  a  shallow  pond 
was  found  near  Monticello  in  the  summer  of  1928.  A  few  random  col- 
lections were  made  there  from  a  pond  which  was  about  40  feet  in 
diameter  and  6  inches  in  depth,  and  which  had  a  deep-mud  bottom  and 
no  vegetation.  Although  this  pond  was  well  on  its  way  towards  becoming 
land,  the  plankton  was  very  similar  to  that  of  larger  and  more  permanent 
ponds  or  stable  streams. 

In  a  series  of  southern  Illinois  sink-hole  ponds  demonstrating  suc- 
cession from  pond  to  land,  the  last  stage,  where  the  pond  contained  only 
6  inches  of  water  during  the  wet  seasons,  supported  a  few  plankton 
organisms  mingled  with  bottom  forms  (Eddy,  1931).  A  pond  a  foot 
deep  showing  an  earlier  stage,  also  filled  only  in  wet  seasons,  retained 
plankton  similar  to  that  of  the  perennial  ponds.  Apparently  some  plank- 
tonts  are  very  tenacious  of  their  habitats,  appearing  as  long  as  there  is 
water  to  live  in. 

Shallow  permanent  ponds,  located  where  the  water  table  is  high 
enough  to  keep  them  filled  through  the  dry  season,  may  have  the  same 
types  of  organisms  as  temporary  ponds.  Several  such  ponds,  to  be  dis- 
cussed later  under  succession  of  large  lakes,  were  studied  near  Gary, 
Indiana.  These  ponds,  although  containing  water  all  the  year,  have  the 
same  predominants  as  the  ponds  which  exist  only  in  the  wet  seasons. 
The  cypress  swamps  in  the  southern  part  of  Illinois  have  been  studied 
by  the  writer  and  have  been  found  to  contain  a  plankton  somewhat 
different  from  that  of  temporary  ponds.  The  water  is  shallow  through- 
out the  year  and  filled  with  vegetation,  but  many  true  plankton  organ- 
isms occur.  Many  of  the  prevalents  are  the  same  as  those  of  stable 
streams,  with  the  exception  of  the  rotifers  of  the  genus  Brachionus. 
Chlorophyl -bearing  flagellates  are  particularly  abundant  most  of  the 
year  in  these  swamps.  The  rotifer  Trochosphaera  aequatorialis,  which 
was  seldom  found  in  collections  from  other  waters  studied,  is  often 
abundant  there  in  the  summer  plankton. 
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Deep  Glacial  Lakes 

Although  this  study  of  plankton  is  based  chiefly  on  data  from  the 
region  of  Illinois  and  the  lists  of  community  predominants  apply  to  the 
waters  of  this  region,  it  is  of  interest  to  consider  data  from  other  bodies 
of  water  which  have,  at  least  in  part,  ecological  conditions  similar  to 
those  of  Illinois. 

Numerous  lakes  of  glacial  origin,  man}-  of  them  very  deep,  are  found 
in  the  northern  states  and  Canada.  Some  occupy  depressions  in  the 
ground  moraine ;  others  occupy  depressions  caused  by  melting  of  buried 
masses  of  ice  left  by  receding  ice  sheets.  Some  occupy  valleys  between 
terminal  moraines;  others  preglacial  valleys  which  have  been  dammed 
by  glacial  deposits.   Many  of  these  lakes  have  outlets  and  tributaries. 

The  depth  of  glacial  lakes  varies  from  a  few  feet  to  several  hundred 
feet.  Many  of  the  shallow  lakes  show  that  they  were  formerly  quite  deep 
and  have  been  filled  by  deposition  and  by  lowering  of  the  water  table. 
Extremely  deep  lakes,  in  which  the  temperature  of  the  water  below  the 
thermocline  shows  little  seasonal  fluctuation,  are  the  youngest  type  eco- 
logically. As  this  type  of  lake  gradually  fills,  the  volume  of  the  hypolim- 
nion  is  reduced  sufficiently  for  the  temperature  to  fluctuate  with  the  sea- 
sonal changes  in  the  epilimnion,  and  it  gradually  changes  to  the  shallower 
and  warmer  type  of  lake.  Many  of  our  moderately  deep  lakes  un- 
doubtedly were  once  very  deep  lakes.  Juday  (1914)  describes  many  of 
these  lakes  as  being  extinct,  having  passed  into  marshy  meadows  of  peat 
underlaid  with  marl. 

Glacial  lakes  are  often  classified  according  to  types  of  bottom  (rock, 
clay,  sand,  etc.).  The  chemical  and  physical  composition  of  the  water 
resulting  from  the  type  of  bottom  or  drainage  area  usually  alters  the 
type  of  plankton.  The  writer  is  inclined  to  believe  that  further  study 
of  the  plankton  of  glacial  lakes  with  various  types  of  bottom  and  drain- 
age basins  will  show  that  the  resulting  plankton  communities  represent 
stages  of  different  seres  and  belong  to  the  same  regional  climax.  No 
data  are  presented  in  this  paper  in  regard  to  types  of  bottoms  and  their 
relations  to  plankton  communities.  The  glacial  lakes  studied  by  the 
writer  were  usually  in  sand  and  clay  drift. 

The  plankton  of  these  lakes  may  be  divided  according  to  predom- 
inants into  two  classes:  that  of  very  deep  lakes,  and  that  of  shallow 
or  moderately  deep  lakes.  This  grouping  corresponds  roughly  with 
Whipple's  classifications  (Whipple,  1898).  The  deep  lakes  are  those  of 
the  first  order,  and  the  moderately  deep  and  shallow  lakes  belong  to  the 
second  and  third  orders. 
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The  ecological  status  of  these  lakes  based  on  succession  is  very  dif- 
ficult to  ascertain,  although  a  study  of  their  plankton  shows  that  they 
have  many  characteristic  organisms.  Physiographically,  they  are  not 
permanent,  as  dead  or  dying  lakes  are  common  throughout  our  northern 
and  western  states.  The  largest  and  deepest  of  these  lakes,  such  as  the 
Great  Lakes,  apparently  are  permanent,  but  even  here  we  find  evidence 
that  the  water  has  lowered  and  that  portions  of  the  lake  have  been  con- 
verted into  land.  This  process  is  not  to  be  compared  to  the  abandoning 
of  an  area  by  a  river  which,  being  motile,  simply  moves  over  into  another 
area  where  the  communities  of  the  particular  stream  continue  to  exist. 

A  physiographic  analysis  of  such  lakes  shows  that,  as  they  often 
have  one  or  more  streams  entering  at  one  end  and  leaving  at  the  other, 
they  may  be  considered  as  enlarged  portions  of  streams  (Marsh,  1903). 
Enlarged  portions  of  certain  large  streams,  such  as  Lake  Keokuk  or 
Lake  Pepin,  do  not  contain  the  same  type  of  plankton  as  do  these  deeper 
glacial  lakes,  but  retain  the  type  of  plankton  found  in  the  river.  This 
diflference  may  be  due  to  depth,  which  in  turn  causes  a  lower  and  more 
uniform  temperature  in  the  deeper  lakes. 

If  a  stream  can  be  matured  by  holding  back  the  water  as  previously 
demonstrated,  then  each  small  stream  when  enlarged  into  a  deep  glacial 
lake  should  develop  a  replica  of  a  mature  or  permanent  stream  commu- 
nity. But  the  tendency  of  any  body  of  impounded  water  is  to  fill  and  to 
end  eventually  as  the  original  stream,  so  that  such  a  body  is  not  per- 
manent but  only  duplicates  temporarily  the  conditions  of  a  stable  stream. 
Although  very  little  has  been  done  on  the  far  northern  streams  of  North 
America  to  determine  their  plankton  composition,  the  few  samples  seen 
by  the  writer  make  it  seem  improbable  that  they  bear  plankton  similar 
in  specific  composition  to  that  of  our  deep  glacial  lakes. 

A  few  random  collections  from  the  Mississippi  River  above  Min- 
neapolis, however,  indicate  that  the  predominant  species  are  not  the 
same  as  those  in  the  river  farther  south,  but  are  more  like  those  of  north- 
ern glacial  lakes.  Diatoms  are  conspicuous.  Rotifers  are  scarce,  Syn- 
chaeta,  Polyarthra,  and  Keratella  being  the  prevalent  forms.  No  species 
of  Brachionus  were  found. 

The  relation  of  the  plankton  of  glacial  lakes  to  the  plankton  of  the 
stable  river  of  the  same  region  is  uncertain,  largely  because  of  lack  of 
information  regarding  northern  stream  plankton.  It  is  entirely  possible 
that  the  plankton  of  these  lakes  bears  the  same  relation  to  the  plankton 
of  the  stable  river  as  exists  between  the  plankton  communities  of  lakes 
and  rivers  studied  farther  south.  Although  the  plankton  of  these  lakes 
is  essentially  different  from  that  of  all  streams  we  know,  their  communi- 
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ties  still  may  be  considered  as  developmental  stages  in  stream  succession. 
By  an  alternative  interpretation  they  are  edaphic  mature  communities, 
especially  the  Great  Lakes,  whose  permanence  will  depend  on  local  con- 
ditions. In  either  case  they  should  be  accorded  the  rank  of  associes. 

The  plankton  organisms  of  some  of  these  lakes,  for  example.  Lake 
Michigan,  Lake  Erie,  Finger  Lakes,  Green  Lake,  Lake  Mendota,  and 
Lake  Winnebago,  have  been  described  by  Ward  (1896),  Marsh  (1903), 
Birge  and  Juday  (1914,  1921,  1922),  Eddy  (1927),  and  Fish  (1929). 
The  writer  has  examined  many  random  collections  from  glacial  lakes 
including  collections  from  Lake  Superior  at  Duluth,  Minnesota,  Lake 
Winnebago  and  Oconomowoc  Lake  in  Wisconsin,  Douglas  Lake  in 
Michigan,  Sand  Lake  and  Long  Lake  in  Illinois,  and  many  lakes  in  Min- 
nesota. Most  of  these  lakes  are  relatively  deep,  and  many  have  a  thermo- 
cline  in  summer.  The  plankton  is  definitely  characterized  by  the  presence 
of  certain  predominant  species  (Table  16)  which  seldom  or  never  occur 
in  rivers.  Many  but  not  all  of  the  river  predominants,  previously 
described,  occur  in  these  lakes,  showing  an  ecological  relationship.  The 
following  species  are  common  fluctuating  predominants  in  the  glacial 
lakes,  showing  some  variation  in  abundance  in  the  different  seasons. 
Those  with  an  asterisk  are  characteristic  of  the  deeper  lakes  only. 

Protozoa  Rotifera 

Difflugia  globulosa  Polyarthra  trigla 

Ceratium  hirundinella  Keratella  cochlearis 

Codonella  cratera  Keratella  quadrata 

Dinobryon  sertularia  Notholca  longispina* 

Notholca  striata 

Algae  Asplanchna   priodonta 

Lysigonium  granulatum  Synchaeta  stylata 
Asterionella  gracillima 

Striatella  fenestrata*  Copepoda 

Fragilaria  crotonensis  Diaptomus  ashlandi* 

Scenedesmus  quadricauda  Diaptomus  sicilis* 

Pediastrum  duplex  Diaptomus  oregonensis 

Diaptomus  minutus* 

Cladocera  Epischura  lacustris* 

Bosmina  longispina*  Cyclops  viridis 

Daphnia  retrocurva*  Cyclops  bicuspidatus 

Daphnia  longispina  Cyclops  leuckarti* 

var.  hyalina*  Limnocalanus  macrurus* 
Chydorus  sphaericus 

The  predominants  listed  above  show  considerable  variation  in  their 
distribution,  not  all  occurring  in  each  lake  but  occurring  with  sufficient 
regularity  in  a  large  proportion  of  the  lakes  examined  to  definitely  es- 
tablish their  prevalence.  In  spite  of  considerable  fluctuation  of  predom- 
inants,   it   is   easy   to   distinguish   two    definite   groups   of   plankton   by 
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their  predominants.  Plankton  containing  Striatdla  fcnestrata,  Notholca 
loiigispina,  Diapiomus  minutus,  and  others  marked  with  an  asterisk,  in 
addition  to  other  predominants  found  in  rivers  and  lakes  alike,  is  usually 
that  of  a  lake  with  a  depth  sufficient  to  keep  the  temperature  of  the  water 
relatively  low.  ^Moderately  shallow  glacial  lakes  even  with  a  thermocline 
usually  do  not  have  these  deep  lake  prevalents,  at  least  not  in  abundance, 
but  bear  a  plankton  which  is  similar  to  the  river  type,  differing,  how- 
ever, from  the  river  and  shallow  lake  type  previously  described  from 
Illinois  by  being  rich  in  diatoms  and  poor  in  rotifers,  especially  Filinia 
longiseta  and  species  of  Brachionus.  Codonella  cratera,  so  common  in 
rivers,  is  never  abundant  in  these  lakes. 

The  difference  between  these  two  types  of  glacial  lakes  can  easily 
be  seen  by  comparing  the  plankton  of  Lake  Michigan  and  Lake  Superior 
with  that  of  moderately  deep  glacial  lakes  (Table  16).  The  plankton 
of  Lake  Michigan  and  Lake  Superior  shows  some  difference  from  the 
shallow^er  glacial  lakes  in  the  predominant  species  of  copepods,  one  of 
which,  Cyclops  leuckarti,  appeared  much  more  abundantly  in  the  smaller 
lakes  and  in  Lake  Erie  (Fish,  1929)  but  has  not  been  reported  for  the 
other  Great  Lakes.  In  the  collections  examined,  Epischura  lacustris  and 
Diapfomns  minutus  occurred  more  abundantly  in  the  Great  Lakes  and 
other  deep  lakes. 

Diaptonnis  sicilis  and  Diaptomus  ashlandi  have  been  reported 
from  deep  lakes  onl_y.  Diuptomiis  oregoncnsis  occurred  only  in  the  shal- 
low glacial  lakes  and  seemed  to  replace  Diaptomus  pallidus  and  Diap- 
tomus siciloides,  which  are  predominants  in  shallow  lakes  farther  south. 
The  rotifers  Notholca  striata  and  Keratclla  quadrata  were  present  more 
or  less  sporadically  throughout  the  3'ear,  although  they  occur  as  vernal 
predominants  in  the  more  shallow  southern  lakes. 

Marsh  (1903)  compared  the  plankton  of  Green  Lake  in  Wisconsin 
wath  the  plankton  of  Lake  Winnebago.  Green  Lake  is  about  7  miles  long 
and  2y2  miles  wide,  with  a  mean  depth  of  33.1  meters  and  a  maximum 
depth  of  72.2  meters,  or  237  feet  (Juda}^  1914).  Lake  Winnebago  is 
about  10  miles  wide  and  about  28  miles  long  but  has  an  average  depth 
of  only  4.7  meters  with  a  maximum  of  6.4  meters,  or  21  feet.  Marsh 
found  that  the  plankton  of  Green  Lake  was  characterized  by  certain 
organisms  such  as  Diaptomus  sicilis,  Diaptomus  minutus,  and  Limnocal- 
anus  macrurus,  while  Mysis  and  Pontoporeia  were  found  in  the  abyssal 
portions.  The  plankton  of  Lake  Winnebago  was  characterized  by 
Diaptomus  orcgonensis,  Conochilus  volvox,  and  the  stable  river  predom- 
inants Codonella  cratera,  Daphnia  pidex,  and  Daphnia  longispina  var, 
hyalina.    Many  forms  were  common  to  the  plankton  of  both  lakes  but 
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were  more  abundant  in  the  deeper  lake,  for  example,  Ccratium  hiriittdin- 
ella,  Notholca  longispina,  Leptodora  kindtii  and  Diaphanosoma  brachy- 
urum.  This  indicated  that  these  organisms  are  m.ore  prevalent  in  deep 
lakes.  On  the  other  hand,  many  forms  which  are  commonly  found  in 
river  plankton,  such  as  Asplanchna,  Polyarthra,  Synchaeta  pectinata,  and 
Chydorus,  Marsh  found  to  be  more  abundant  in  Lake  Winnebago.  He 
found  also  that  they  had  a  much  longer  season  of  abundance  than  in  the 
deeper  lakes. 

In  a  similar  way,  Nordquist  (1921)  found  it  possible  to  distinguish 
the  plankton  of  various  types  of  Swedish  waters  by  the  predominants. 
He  found  the  plankton  of  ponds  or  shallow  lakes  characterized  by 
Brachionus  pda  (B.  calyciflorus),  Brachionus  urceolaris  (B.  capsuli- 
florus),  Brachionus  angidaris,  Schisocerca  diver  sic  ornis,  Pedalia  mira, 
Daphnia  pulex,  Daphnia  longispina,  Ceriodaphnia  pulchella,  and  Diaptom- 
iis  vidgaris.  Most  of  these  are  the  same  species  as  found  by  the  writer 
to  be  predominant  in  the  shallow  lakes  and  rivers  discussed  in  this 
paper.  Nordquist  found  lakes  (deeper  than  ponds)  to  be  characterized 
by  Notholca  longispina,  Daphnia  longispina  var.  hyalina  and  var,  ciicul- 
lata,  Bosmina  coregoni,  Leptodora  kindtii,  Cyclops  oithonoides,  and  Dia- 
ptonius  graciloides.  These  predominants  apparently  determine  the  plank- 
ton of  glacial  lakes  with  no  distinction  as  to  deep  or  moderately  deep 
glacial  lakes.  Many  species,  such  as  Conochihis  volvox,  Asplanchna 
priodonta,  Asplanchna  brightwellii,  Synchaeta  pectinata,  Polyarthra 
platyptera,  Triarthra  longiseta,  Anuraea  cochlearis,  Aniiraea  aculeata, 
Diaphanosoma  brachyurum,  Bosmina  longirostris,  Cyclops  stremms,  Cy- 
clops leuckarti,  and  Diaptomus  gracilis,  were  found  to  be  common  to  both 
ponds  and  lakes. 

The  plankton  fauna  reported  by  Kemmerer,  Bovard,  and  Boorman 
(1923)  for  the  deeper  lakes  of  Washington,  Oregon,  California,  and 
Idaho,  contains  predominants  similar  to  those  present  in  the  northern 
glacial  lakes.  The  following  species  appear  often  in  the  collections  made 
by  these  investigators,  and  many  probably  bear  the  status  of  perennials, 
although  the  observations  were  limited  to  summer  collections  only. 

Rotifera  Copepoda 

Notholca  longispina  Epischura  nevadensis 

Polyarthra  trigla  Cyclops  bicuspidatus 

Anuraea  cochlearis  Cyclops  viridis 

Anuraea  aculeata  Diaptomus  oregonensis 

Cladocera 

Daphnia  longispina 
Diaphanosoma   leuchtenbergianum 
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These  predominants  are  either  the  same  species  as,  or  closely  related  to, 
those  found  in  the  northern  glacial  lakes.  The  rotifer  Keratella  (Anur- 
aea)  aculeata  is  abundant  in  the  spring  plankton  of  Lake  Michigan,  and 
Kofoid  also  reports  it  as  a  spring  form  in  the  Illinois  River.  The  cope- 
pod  Epischura  nevadensis  replaces  Epischura  lacustris  entirely  in  the 
western  states.  The  cladoceran  Diaphanosoma  leuchtenbergianum  is  a 
questionable  species  and  is  probably  the  same  as  Diaphanosoma  hrach- 
yuritm,  which  occurs  abundantly  in  the  plankton  of  northern  and  eastern 
glacial  lakes. 

Collections  made  by  Professor  Frank  Smith  from  mountain  lakes  in 
the  vicinity  of  Tolland,  Colorado,  and  by  Professor  S.  A.  Forbes  from 
Yellowstone  Park,  were  examined  by  the  writer  and  found  to  contain 
in  general  the  same  type  of  plankton  organisms  as  did  the  collections 
from  the  northern  glacial  lakes.  The  predominants  from  the  collections 
from  lakes  in  Colorado  and  Yellowstone  Park  are  as  follows: 

Cyclops  leuckarti  Diaptomus  oregonensis 

Cyclops  viridis  Epischura  nevadensis 

Cyclops  bicuspidatus  Diaphanosoma  brachyurum 

Keratella  cochlearis  Daphnia  longispina 

Polyarthra  trigla  Daphnia  retrocurva 

Diaptomus  leptopus  Asterionella  gracillima 

Diaptomus  shoshone  Ceratium  hirundinella 
Diaptomus  ashlandi 

The  factor  of  temperature  has  been  mentioned  as  partly  responsible 
for  the  differences  in  the  fauna  of  these  lakes  from  that  of  more  shallow 
lakes  or  rivers  in  the  same  vicinity.  Shallow  lakes  from  which  collections 
were  made  in  the  vicinity  of  Oconomowoc  Lake  in  southern  Wisconsin 
contained  stable-river  predominants,  while  the  deeper  Oconomowoc 
Lake  itself  contained  both  stable-river  and  deep-lake  predominants 
(Table  20).  Deep  lakes  form  perhaps  the  most  stable  habitat  of  all 
fresh-water  bodies.  Forbes  (1883)  found  that  the  conditions  of  life  in 
Lake  Michigan  were  remarkably  uniform  throughout  the  seasons  and 
from  year  to  year  and  that  both  plant  and  animal  life  exhibited  there 
a  regularity  and  stability  in  remarkable  contrast  to  their  fluctuations  in 
smaller  bodies  of  water  and  on  land. 

Shelford  (Ward  and  Whipple,  1918)  has  pointed  out  that  Lake 
Michigan,  being  a  large  and  deep  lake,  has  none  of  the  seasonal  tem- 
perature changes  extending  to  the  deeper  parts.  Consequently,  as  only 
the  surface  temperature  fluctuates,  one  would  expect  the  deeper  portions 
to  exert  a  greater  stabilizing  influence  on  the  surrounding  waters  than 
would  be  found  in  the  waters  of  more  shallow  lakes.  The  greatest  factor, 
besides  depth,  differentiating  these  lakes  from  the  shallow  lakes  is  that 
of  temperature.    The  deep  lakes  of  Africa   (West,  1907)   with  a  high 
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temperature  do  not  contain  the  same  types  of  plankton  organisms  as 
found  in  our  deep  glacial  lakes,  but  have  a  plankton  more  similar  in  con- 
tent to  that  of  our  large  rivers  and  shallow  lakes.  West  mentions  that 
this  is  indicative  of  the  importance  of  temperature.  Depth,  however,  is 
the  primary  factor,  controlling  temperature,  which  is  a  secondary  factor. 

Abandoned  areas  of  glacial  lakes  and  entire  deep  glacial  lakes  often 
show  various  stages  of  succession  to  land.  A  series  of  ponds  on  ridges 
of  different  ages  were  studied  at  the  south  end  of  Lake  Michigan  on 
the  old  Calumet  beach  near  Gary,  Indiana.  In  early  post-glacial  times, 
Lake  Michigan  occupied  a  much  larger  bed;  and  as  the  lake  receded  it 
left  many  beaches,  the  remains  of  which  now  appear  as  a  series  of  sand 
ridges  paralleling  the  present  contour  of  the  lake.  The  ponds  selected  for 
study  were  beyond  ridges  1,  5,  14,  60,  93,  94,  95,  and  96,  numbered  suc- 
cessively from  the  lake.  These  ponds  are  narrow,  10  to  20  feet  wide, 
shallow  and  very  long,  extending  out  of  sight  between  the  ridges.  Ponds 
1  and  5  are  comparatively  free  from  vegetation  and  are  about  two  feet 
deep.  The  other  ponds  range  from  six  to  twelve  inches  in  depth  and 
are  filled  with  vegetation,  chiefly  buttonbush.  The  water  level  remains 
the  same  in  the  ponds  throughout  the  year,  but  their  general  appearance 
is  that  of  temporary  ponds. 

Collections  were  made  in  May  of  three  years,  1927,  1928,  and  1929 
(Table  14).  Arcella  vulgaris,  Monostyla  lunaris,  Daphnia  pulex,  Cyclops 
serrnlatus,  and  species  of  Simocephalus  and  Canthocamptus,  all  of  which 
are  predominants  characteristic  of  temporary  ponds,  were  common  in  all 
the  collections.  Predominants  such  as  Chydorus  sphaericus,  Cyclops  viri- 
dis,  and  Cyclops  hicuspidatus,  which  are  prevalent  in  both  temporary 
ponds  and  stable  rivers,  were  abundant.  Pond  1,  nearest  the  lake,  was 
polluted  to  some  extent  by  a  cement  plant,  so  that  the  plankton  may  have 
been  altered.  Otherwise,  the  ponds  nearest  the  lake  showed  evidence  of 
their  origin  in  the  presence  of  a  number  of  species  which  are  predom- 
inant or  abundant  in  Lake  Michigan.  Ceratium  hirundinella,  Diaphan- 
osoma  hrachyurum,  Bosmina  longirostris,  Fragilaria  crotonensis,  Poly- 
arthra  trigla,  and  Keratella  cochlearis  occurred  in  ponds  5  and  14.  All 
these  are  species  which  are  predominant  in  Lake  Michigan  and  in  stable 
rivers  but  not  in  temporary  ponds.  None  of  the  species  occurred  which 
are  predominant  in  deep  lakes  only  and  which  characterize  the  plankton 
of  Lake  Michigan.    Possibly  they  were  unable  to  survive  the  change. 

A  single  series  of  collections  was  made  in  September,  1927,  from 
three  lakes  in  Waukesha  County,  Wisconsin,  (Table  20)  which  showed 
three  stages  of  succession  towards  land.  Although  the  data  were  scanty, 
they  indicated  the  general  trend  of  succession.  The  deepest  and  young- 
est was  Oconomowoc  Lake,  which  is  a  typicrl  moderately  deep  lake 
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having  a  mean  depth  of  9.5  meters  and  a  maximum  depth  of  19.1  meters, 
or  62.6  feet  (Juday,  1914;  Smith,  1920).  Pewaukee  Lake  has  an  average 
depth  of  3.9  meters  with  a  maximum  of  13.8  meters,  or  45.3  feet.  Lulu 
Lake,  situated  in  the  center  of  a  large  bog,  represents  the  remains  of  a 
lake  which,  from  the  evidence  of  the  old  shore  lines,  formerly  covered 
many  miles  and  had  a  depth  of  over  80  feet.  Lulu  Lake  is  about  6  feet 
deep  and  has  a  soft  bottom,  the  depth  of  which  was  not  determined.  This 
lake  was  acid,  while  the  others  were  slightly  alkaline  with  a  pH  of  7.6. 
The  predominants  of  the  plankton  of  Oconomowoc  Lake  were  the  same 
as  for  other  moderately  deep  glacial  lakes.  Those  of  Pewaukee  and 
Lulu  lakes  were  more  like  those  of  stable  rivers  or  the  shallow  lakes  of 
Illinois,  with  the  exception  of  the  rotifers  of  the  genus  Brachionus,  which 
did  not  appear  in  the  collections.  From  the  stage  represented  by  Lulu 
Lake,  the  next  stage  of  succession  would  be  a  very  shallow  bog  pond. 
The  data  on  this  type  of  plankton,  though  scanty,^  suggest  that  it  has  a 
succession  similar  to  that  of  plankton  in  the  abandoned  channel  of  a 
stable  river.  Apparently,  the  general  trend  of  succession  of  plankton  in 
deep  lakes  is  to  that  of  shallow  lakes  and  then  to  that  of  temporary 
ponds,  Keratella  cochlearis,  Polyarthra  trigla,  and  Pediastrtim  duplex 
occur  as  perennial  predominants  in  the  deep  lakes  but  are  not  as  abun- 
dant as  in  stable  rivers.  The  presence  of  these  prevalents  in  both  types 
of  waters  indicates  that  these  lakes  occupy  the  status  of  developmental 
associes.  The  predominants  characteristic  of  the  deep  glacial  lakes  serve 
to  distinguish  this  associes  from  the  river  communities.  As  demonstrated 
by  the  developmental  series  in  Oconomowoc  and  Lulu  lakes,  parts  of 
deep  lakes  are  similar  to  the  ponds  or  abandoned  areas  of  streams,  as  they 
also  approach  a  terrestrial  climax. 


SEASONAL  COMMUNITIES  AS  INDICATED  BY 
PLANKTON  ORGANISMS 

In  all  the  bodies  of  water  studied  throughout  the  seasons  of  the  year, 
seasonal  communities  could  be  distinguished  in  the  plankton  by  the 
presence  of  abundant  organisms  which  may  be  termed  "seasonals."  Such 
communities,  if  mature,  are  usually  called  "societies,"  and  if  existing 
Avithin  an  immature  community  they  are  called  "socies."  Seasonals 
should  appear  at  certain  periods  and  become  conspicuous  through  their 
abundance  or  size,  thus  indicating  the  presence  of  a  definite  group  of 

^Since  this  work  was  prepared  for  publication,  the  writer  has  collected  a  large  quantity 
of  data  on  glacial  lakes  of  various  depths  which  show  the  same  successional  trend.  In  many- 
cases  the  pond  type  of  plankton  was  not  reached  until  the  lake  had  become  very  shallow. 
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organisms  influenced,  in  part  at  least,  by  particular  seasonal  factors. 
Seasonals  are  doubtless  of  considerable  importance,  and  in  view  of  their 
numbers  or  size  they  must  exercise  some  influence  on  other  members  of 
the  community.  During  their  absence  or  period  of  inactivity  they  prob- 
ably exist  as  eggs,  spores,  or  encysted  forms. 

Stable  Streams  and  Perennial  Ponds 

Seasonal  socies  in  streams  are  best  studied  under  the  controlled  con- 
ditions produced  by  dams,  inasmuch  as  the  periodic  floods  under  natural 
conditions  may  destroy  or  disturb  the  pelagic  community  before  the 
plankton  seasonal  element  has  had  time  to  develop.  Even  in  the  lake  at 
Decatur,  where  the  water  level  never  fluctuated  more  than  three  feet, 
floods  in  the  stream  above  increased  the  current  so  that  the  age  of  the 
water  was  at  times  reduced  to  that  of  water  supporting  very  little 
plankton. 

In  large  streams  such  as  the  Illinois  River,  where  floods  dilute  the 
plankton  but  where  much  of  the  water  is  quite  old  because  it  has  traveled 
from  distant  tributaries,  seasonals  still  can  be  distinguished,  although 
their  abundance  may  be  reduced.  It  was  found  that  seasonal  societies 
could  be  easily  studied  in  undisturbed  areas,  such  as  lakes,  artificial  ponds, 
canals,  or  abandoned  areas  of  streams,  especially  if  such  bodies  were  not 
subject  to  fluctuations  of  level.  Such  results  were  then  compared  and 
checked  with  those  of  a  normal  stream. 

An  attempt  is  made  in  Figs.  1-7  to  represent  graphically  the  relative 
volume  of  the  seasonal,  perennial,  and  incidental  organisms  composing 
the  plankton  in  various  types  of  waters  for  one  or  more  years.  Because 
of  the  great  variations  in  volume,  it  was  necessary  to  use  a  modification 
of  the  method  of  Lohmann  as  described  by  Birge  and  Juday  (1922).  The 
height  of  each  curve  represents  the  radius  of  a  sphere  whose  volume  is 
equal  to  the  volume  of  the  group  of  organisms.  The  radius  may  be  de- 
termined by  the  formula,  R=^ LJ^ ,  where  v  is  the  volume  of  the 

.  \4.19 

sphere,  or  in  this  case,  the  number  of  cubic  millimeters  of  plankton.  In 
order  to  secure  graphs  of  convenient  dimensions,  it  was  necessary  to 
employ  a  scale  representing  .01  cubic  millimeter  of  plankton  by  a  radius 
of  .25  centimeter  in  Fig.  1  and  .25  millimeter  in  Figs.  2-7,  All  these 
figures  have  been  reduced  to  one- fourth  the  original  scale  for  reproduc- 
tion here. 

Four  seasonal  societies  or  socies  were  found  in  all  of  the  stream 
and  pond  communities  studied  throughout  the  year.  The  seasonal  socies 
did  not  recur  at  the  same  dates  in  successive  years,  but  sometimes  varied 
as  much  as  a  month.    Overlapping  was  a  common  feature,  organisms 
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from  the  preceding  socies  persisting  in  small  numbers  for  several  months 
after  their  maximum  abundance  was  past. 
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Figure  1 
Graphs   showing   relative   volume   of   predominant   organisms   in   the   plankton 
of  Lake  Decatur,  1926,   1927,  1928.     (For  graphical  method,  scale,  and  reduction, 
see  text,  page  37.)    A  key  to  the  symbols  at  the  left  is  supplied  on  the  opposite 
page. 
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The  hiemal  socies  usually  started  the  last  part  of  December  and 
continued  until  April,  when  the  vernal  socies  was  well  established.  The 
plankton  organisms  of  the  hiemal  socies  were  general  scanty.  Diatoms 
were  common.  Minute  flagellates  and  a  few  ciliates,  such  as  Stentor, 
were  conspicuous.  Perennials  such  as  Polyarthra  trigla,  Keratella  coch- 
learis,  and  Codonella  cratera  were  scarce.  Synura  iivella  was  character- 
istic, often  appearing  late  in  January  and  remaining  until  April  or  May. 
Occasionally  Notholca  striata  and  Cyclops  hicuspidatiis,  which  properly 
belonged  to  the  vernal  socies,  appeared  in  January,  but  they  were  never 
abundant  or  conspicuous  until  later  in  the  spring.  The  plankton  seasonals 
probably  appear  much  earlier  in  the  south  than  in  the  north,  although  no 
evidence  has  been  published  on  this  point.  From  data  collected  by  the 
writer  for  the  Illinois  State  Natural  History  Survey  from  Horseshoe 
Lake  near  Cairo,  Illinois,  250  miles  south  of  most  of  the  areas  reported 
in  this  paper,  there  is  very  little  evidence  of  a  hiemal  socies.  Hiemal 
forms  such  as  Stentor  spp.  and  Synura  uvella  are  present  during  the 
month  of  January  only,  and  the  vernal  socies  has  begun  to  be  established 
by  the  first  of  February.  Temperature  is  undoubtedly  the  most  important 
factor  limiting  the  hiemal  socies.  The  temperature  of  all  the  waters 
studied  in  winter  remained  at  0.5°  C.  when  covered  with  ice  during 
January  and  February.  Tests  made  through  the  ice  always  showed  that 
there  was  sufficient  dissolved  oxygen  to  support  plankton.  The  turbidity 
was  usually  low,  and  the  pH  value  never  fell  more  than  slightly  in 
winter.  Light  is  well  recognized  as  one  important  factor  which  is 
limited  in  winter,  not  only  by  the  shorter  days  but  also  by  the  greater 
angle  of  incidence. 

With  the  increase  in  temperature  in  the  latter  part  of  February,  the 
perennials  increased  in  abundance,  and  in  March  the  seasonals  of  the 
vernal  socies  usually  appeared.  In  the  park  ponds  at  Decatur  and  Ur- 
bana,  the  vernal  community  was  well  established  by  the  end  of  February. 

Key  to  Symbols  Used  in  Fig.  1 

POLY Polyarthra  trigla  Ehr.  SC.  Q Scenedesmus  quadricauda 

K.  COCH Keratella  cochlearis  (Gosse)  (Turp.)  Br6b. 

COD Codonella  cratera  (Leidy)  Vorce  PH.  LONG Phacus    longicauda    (Ehr.)Duj. 

CY.  B Cyclops  bicuspidatus  Claus  B.  ANG Brachionus  angularis  Gosse 

DIFF Difflugia  lobostoma  Leidy  DL'\PH Diaphanosoma    brachyurum 

SYN Synura  uvella  Ehr.  (Lieven) 

NOTH Notholca  striata  (O.F.M.)  CERAT Ceratium    hinindinella    O.F.M. 

K.  QUAD Keratella  quadrata  (O.F.M.)  FILINIA Filinia  longiseta  (Ehr.) 

B.  CALY Bracliionus  calyciflorus  Pallas  ASPL .\splanchna  spp. 

SYNCH Synchaeta  spp.  BOS.  L Bosmina  longirostris  O.F.M. 

L.  GRAN Lysigonium    (Melosira)    granu-  DIAPT Diaptomus  siciloides  Lillie. 

latum  (Ehr.)  Kuntze  E.  OXY Euglena  o.xyuris  Schmarda 

PED Pediastrum  duplex  Meyen  TINT Tintinnidium  fluviatilis  Stein 

CY.  V Cyclops  viridis  Jurine  PED.AL Pedalia  mira  (Hudson) 

CL.  AC Closterium    acerosum    (Schrk.)  TR.'X.CH Trachelomonas   volvocina    Ehr. 

Ehr.  LEPT Leptodora  Idndtii  (Focke) 

EUD Eudorina  elegans  Ehr. 
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The  characteristic  rotifers  Keratella  quadrata  and  Notholca  striata  often 
appeared  early  and  remained  until  May  or  June.  Many  of  the  hiemal 
forms  persisted  in  small  numbers  through  this  period.    Cyclops  bicus- 


Serotinab 


Figure  2 
Graphs  showing  relative  volume  of  principal  plankton  groups  in  Lake  Deca- 
tur, 1926,  1927,  and  1928.    (For  graphical  method,  scale,  and  reduction,  see  text, 
page  2,1.) 

pidatus    became    the    characteristic    and    abundant    copepod.  Daphnia 

longispina,  Synchaeta  pectinata,  Conochiloides  natans,  Filinia  longiseta, 

and   Pediastrum   duplex   usually  appeared   at   this   time   and  persisted 
through  the  summer. 
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Figure  3 
Graphs  showing  relative  volume  of  principal  plankton  groups  in  the  Park  Porid 
at  Decatur    1926,  1927,  and  1928.    The  blank  spaces  for  January  represent  periods 
when  the  ice  prevented  collecting.    (For  graphical  method,  scale,  and  reduction,  see 
text,  page  37.) 


42 


ILLINOIS  BIOLOGICAL  MONOGRAPHS 


[362 


Figure  4 
Graphs   showing  relative  volume  o£  principal   plankton   groups  in   the  Illinois 
River,   1896,   1897,  and   1898    (data  from  Kofoid).    The  volume  of   the  perennial 
organisms  was  so  great  that  it  was  impossible  to  add  that  of  the  incidental  organ- 
isms.   (For  graphical  method,  scale,  and  reduction,  see  text,  page  37.) 
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In  May  and  June  other  plankton  organisms  appeared  in  abundance 
and  formed  an  indefinite  estival  socies  generally  characterized  by  species 
of  Brachionus.  Diaphanosoma  brachynrum,  Diaptomiis  siciloides,  Diap- 
tomus  pallidiis,  and  many  chloroph)-l-bearing  flagellates  appeared  at  this 
time.   Many  of  the  forms  present  then  persisted  until  late  in  the  autumn. 


Figure  5  Figure  6  Figure  7 

Graphs  showing  relative  volume  of  principal  plankton  groups  in  three  bodies 
of  water:  Fig.  5,  the  Sangamon  River  at  Monticello,  Illinois,  1928;  Fig.  6,  a 
temporary  pond  near  Seymour,  Illinois,  1928;  Fig.  7,  a  temporary  ox-bow  pond 
north  of  Urbana,  Illinois,  1927  and  1928.  (For  graphical  method,  scale,  and  re- 
duction, see  text,  page  il.) 


In  July  and  August  the  plankton  is  usually  characterized  by  the  ap- 
pearance of  blue-green  algae  and  the  large  cladoceran  Leptodora  kindtii. 
Increasing  in  abundance,  these  forms  make  up  a  serotinal  community. 

There  is  no  autumnal  community  such  as  has  been  demonstrated  for 
land  by  Weese  (1924),  Smith  (1928),  and  others.  The  organisms  present 
in  the  estival  and  serotinal  community  usually  persist  through  tlie  autumn 
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and  gradually  decline  as  the  water  cools,  until  by  the  end  of  December, 
when  the  ice  forms,  the  hiemal  community  develops. 

The  seasonal  communities  for  the  most  stable  river  community  studied 
would  be  represented  in  the  annual  cycle  of  the  plankton  of  the  Illinois 
River.  A  study  of  Kofoid's  collections  and  data  for  the  years  1896,  1897, 
and  1898  shows  that  the  plankton  was  composed  of  various  elements 
(Fig.  4).  The  perennials,  although  always  present,  were  not  constant  in 
abundance.  This  group  formed  the  greater  bulk  of  the  plankton.  Season- 
al aspect  was  caused  by  the  regular  periodical  appearance  of  certain 
organisms  which  were  conspicuous  enough  to  be  termed  seasonals.  The 
remainder  of  the  plankton  was  composed  of  organisms  which  appeared 
sporadically  (incidentals)  ;  because  of  lack  of  space  they  are  omitted 
from  the  figure. 

As  this  represents  the  most  stable  aquatic  community  studied,  the 
most  conspicuous  perennials  and  seasonals  are  listed  here: 


Perennial  Predominants 
Lysigonium  granulatum 
Microcystis  aeruginosa 
Pediastrum  duplex 
Difflugia  lobostoma 
Diflflugia  globulosa 
Trachelomonas  volvocina 
Phacus  longicauda 
Codonella  cratera 
Polyarthra  trigla 
Brachionus  calyciflorus 
Brachionus  capsuliflorus 
Keratella  cochlearis 
Synchaeta  stylata 
Synchaeta  pectinata 
Bosmina  longirostris 

Hiemal  Predominants 
(December  to  April) 
Synura  uvella 
Stentor  coeruleus 

Vernal  Predominants 
(February  to  June) 
Keratella  quadrata 
Notholca  striata 


Cyclops  bicuspidatus 
Asterionella  gracillima 

Estival  Predominants 
(March  to  December) 

Closterium  acerosum 
Euglena  oxyuris 
Euglena  viridis 
Brachionus  angularis 
Filinia  longiseta 
Asplanchna  brightwellii 
Eudorina  elegans 
Tintinnidium  fluviatilis 
Conochiloides  natans 
Daphnia  longispina 
Diaptomus  pallidus 
Diaptomus  siciloides 

Serotinal  Predominants 
(July  to  September) 

Pedalia  mira 

Diaphanosoma  brachyurum 
Moina  micrura 
Leptodora  kindtii 
Euglena  acus 


Many  plankton  species  are  not  constant  in  their  seasonal  appearance. 
The  late  vernal  and  the  estival  are  difficult  to  distinguish,  for  there  is  a 
continual  arrival  of  species  during  the  whole  period.  Often  one  very 
abundant  species  will  drop  out  the  following  year  or  will  change  place 
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with  some  other  form,  so  that  the  limits  of  the  estival  are  doubtful  and 
need  further  investigation. 

Some  of  the  vernal  predominants  of  the  park  pond  at  Decatur,  such 
as  Synchaeta  pectinnta,  Brachionus  calycifl-oriis,  Filinia  longiscta,  and 
Conochiloides  natans,  u^ere  distinctly  estival  predominants  in  Lake 
Decatur. 

Species  of  Diaptomus,  because  of  their  erratic  distribution,  are  very 
unreliable  as  seasonal  indicators.  In  the  Illinois  River  and  in  the  park 
pond  at  Decatur,  Diaptomus  pallidus  appeared  regularly  as  an  estival 
form,  but  no  species  of  this  genus  was  found  in  the  park  pond  at  Ur- 
bana.  Diaptomus  siciloides  appeared  as  an  estival  form  occasionally  in 
the  pool  of  the  Sangamon  at  Decatur  and  regularly  in  the  collections 
of  Kofoid  on  the  Illinois  River,  but  it  never  appeared  during  the  four 
years  observations  on  the  park  pond  at  Decatur. 

As  most  of  our  waters  are  not  stable,  considerable  shifting  is  to  be 
expected.  Also,  immaturity  of  the  communities  causes  many  species  to 
arrive  later  than  they  would  in  a  body  of  older  water.  The  plankton 
organisms  in  the  writer's  collections  from  the  park  ponds  at  Decatur  and 
Urbana  and  in  Kofoid's  collections  from  the  Illinois  River  showed  much 
more  regular  distribution  than  the  forms  in  Lake  Decatur.  The  hiemal, 
early  vernal,  and  serotinal  communities  are  clearly  defined  by  the 
characteristic  organisms  mentioned.  Bennin  (1926)  found  the  annual 
cycle  of  the  plankton  in  the  Warthe  to  be  divided  into  four  seasonal 
groups  as  follows:  February  to  April,  May  to  June,  July  to  September, 
October  to  January.  These  seasonal  groups  practically  coincide  with  the 
vernal,  estival,  serotinal,  and  hiemal  societies  described  in  this  paper. 

Young  Streams 

In  young  streams,  where  plankton  does  not  begin  to  develop  until  the 
water  is  more  than  a  week  old,  the  only  seasonal  socies  discovered  in  the 
plankton  is  an  estival  socies.  For  example,  a  scanty  plankton  first  ap- 
peared in  the  course  of  the  Sangamon  River  at  Monticello,  where  the 
age  of  the  water  was  about  9  days.  This  plankton  was  present  only  from 
May  until  October,  and  was  composed  of  many  organisms  which  are 
perennial  under  more  stable  conditions  farther  downstream. 

Temporary  Ponds 

Seasonal  socies  were  hard  to  distinguish  in  the  plankton  element  of 
the  temporary  ponds,  where  much  of  the  plankton  was  composed  of 
adventitious  forms.  No  winter  plankton  existed,  because  the  ponds  were 
generally  frozen  solid  during  those  months.   When  the  ponds  thawed  in 
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February  or  March,  many  of  the  characteristic  forms  appeared  and  per- 
sisted until  the  ponds  dried  up  in  mid-summer.  At  this  period  a  vernal 
socies  can  be  determined  by  the  presence  of  Notholca  striata.  Often 
other  characteristic  forms  appeared,  such  as  Diaptomus  sanguineus  and 
various  species  of  Eubranchipus.  Some  hiemal  species  such  as  Synura 
uvclla,  which  persist  through  the  vernal  socies  in  streams  and  perennial 
ponds,  always  occurred  in  the  vernal  socies  of  the  temporary  ponds 
showing  that  a  hiemal  socies  would  be  present  if  it  were  not  for  the  ice. 
The  vernal  forms  usually  disappeared  in  May,  and  except  for  the  sum- 
mer appearance  of  chlorophyl -bearing  flagellates  there  were  no  regular 
or  characteristic  species  to  designate  estival  or  serotinal  socies.  The 
ponds  were  usually  dry  in  August  and  September,  filling  again  in  October. 
Within  two  weeks  after  filling,  most  of  the  forms  present  before  drying 
up  were  again  abundant  and  remained  until  the  ponds  froze  in  December. 
In  a  strict  sense,  there  are  no  true  perennials  in  these  ponds,  as  all  or- 
ganisms are  inactive  during  winter  and  mid-summer.  The  only  organ- 
isms comparable  to  perennials  are  those  which  are  present  at  all  times 
when  the  ponds  are  not  dry  or  frozen. 

Glacial  Lakes 

The  lack  of  seasonal  data  on  glacial  lakes  makes  it  impossible  to 
describe  their  seasonal  communities  definitely.  Very  deep  lakes  because 
of  their  lower  and  more  uniform  temperature  throughout  the  year  would 
not  be  expected  to  show  much  seasonal  differentiation.  Lake  Michigan, 
because  of  its  relative  stability  throughout  the  year,  did  not  show  any 
great  seasonal  differences  in  the  plankton  (Eddy,  1927).  There  was 
some  indication  that  seasonal  communities  may  exist  in  Lake  Michigan 
from  the  collections  made  throughout  the  years  1887-1888  by  the  Illinois 
State  Laboratory  of  Natural  History.  The  occurrence  of  Daphnia  long- 
ispina,  Diaptomus  sicilis,  Dinohryon  sertularia,  Synchaeta  stylata,  and 
Diaphanosoma  brachyurum,  all  in  great  abundance  in  summer,  may  indi- 
cate an  estival  or  serotinal  socies. 

A  study  of  the  seasonal  data  of  a  moderately  deep  glacial  lake  as 
presented  by  Birge  and  Juday  (1922)  shows  very  few  seasonals  among 
the  conspicuous  or  predominant  planktonts  of  Lake  Mendota.  Most  of 
the  predominants  listed  are  perennials,  and  this  may  be  due  to  the  fact 
that  the  seasonal  conditions  of  such  a  lake  do  not  have  as  wide  a  range 
as  those  of  smaller  and  shallower  lakes.  Vernal  and  autumnal  forms 
are  chiefly  diatoms  which  appear  and  increase  after  the  overturn  of  the 
thermocline.  Estival  predominants  or  prevalents  are  chiefly  algae,  par- 
ticularly species  of  Anabaena,  Lyngbia,  and  Microcystis. 
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PLANKTON   DEVELOPMENT   AND   RELATED   FACTORS 

The  development  of  the  plankton  communities  studied  differs  from 
that  of  terrestrial  communities  in  that  it  is  a  steady  progression  rather 
than  a  succession.  The  water  of  streams  is  motile  and  to  a  great  extent 
carries  the  pelagic  community  along  as  it  flows  from  one  stage  of  river 
conditions  to  another.  Consequently,  at  any  given  point  in  the  stream, 
the  plankton  is  constantly  shifting  downward,  never  containing  the  same 
set  of  individuals  for  any  long  period  of  time.  This  means  that  at  any 
fixed  point,  as  the  water  flows  downstream,  there  must  be  a  continual 
production  and  replacement  of  plankton.  In  the  course  of  the  stream,  as 
soon  as  seasonal  and  other  conditions  permit,  the  first  plankton  appears 
as  a  scanty  community;  as  the  water  proceeds,  this  community  continues 
to  develop,  adding  species,  all  of  which,  if  conditions  remain  favorable, 
reproduce  and  increase  in  numbers,  until  eventually  the  community  ap- 
proaches that  of  a  stable  stream.  This  is  a  progression  of  organisms 
rather  than  a  succession  in  which  one  aggregation  is  succeeded  by  another 
entirely  different. 

At  any  given  point  in  a  stream,  it  is  apparent  that  plankton  develops 
by  a  series  of  progressive  stages  rather  than  by  a  succession  of  forms. 
True  succession  in  water,  in  so  far  as  plankton  is  concerned,  depends 
partly  on  the  point  of  view  as  to  what  constitutes  an  aquatic  habitat.  If 
the  moving  stream  is  considered  as  a  continually  moving  habitat,  always 
created  anew  at  the  source  and  continually  moving  downstream,  then  it 
is  conceivable  that  true  plankton  succession  might  occur  under  certain 
conditions.  Such  conditions  might  exist  in  a  stream,  such  as  the  Mis- 
sissippi, which,  flowing  a  great  distance  from  north  to  south,  passes 
through  several  sets  of  climatic  conditions.  Shifts  in  the  climatic  fac- 
tors, particularly  temperature,  may  cause  some  predominants  to  drop  out 
and  to  be  replaced  by  others,  thus  constituting  a  true  succession.  Further 
study  may  show,  however,  that  such  a  stream  passes  from  one  aquatic 
climax  to  another. 

On  the  other  hand,  if  the  habitat  is  considered  as  fixed  along  with 
the  bottom  (and  there  is  some  evidence  to  support  this),  then  the  develop- 
ment of  plankton  would  not  be  in  the  course  of  the  stream  but  at  any 
fixed  point,  and  here  it  seems  to  be  a  progression  rather  than  a  succession 
of  predominants.  Due  to  the  fact  that  most  streams  pass  through  various 
stages  of  size  and  fall  in  development,  it  is  necessary  to  study  similar 
stages,  found  at  present  in  the  upper  course,  in  order  to  determine  the 
past  development  at  any  fixed  point.  However,  such  a  series  of  longitu- 
dinal studies  should  be  within  the  same  climatic  area. 
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In  Lake  Decatur  as  an  example  of  newly  formed  bodies  of  water, 
plankton  development  year  after  3^ear  was  found  to  be  a  steady  progres- 
sion toward  a  stable  community.  There  was  a  progression  of  forms  from 
the  time  the  lake  was  first  studied  in  1923,  when  it  was  one  year  old, 
until  1929,  when  the  last  collections  were  made  (Table  19).  Each  year 
a  few  additional  species  appeared,  and  nearly  all  the  species  showed  a 
tendency  to  increase  in  abundance  as  the  lake  became  older.  No  species 
actually  disappeared,  although  Pleodorina  illinoisensis,  noticeably  abun- 
dant in  the  early  summer  of  1923,  was  never  found  to  be  abundant  in 
following  years. 

Plankton  development  is  comparable  to  the  invasion  of  barren  areas 
by  terrestrial  forms.  In  waters  where  the  plankton  appears  in  only 
scanty  numbers  and  for  only  a  part  of  the  year,  it  may  be  compared  to 
plants  in  the  desert  which  spring  up  during  the  rainy  season.  No  other 
pelagic  organisms  previously  occupied  the  waters  of  the  streams  studied, 
and  there  is  no  evidence  that  any  plankton  forms  were  actually  succeeded 
by  other  planktonts.  Therefore,  in  streams,  there  is  no  evidence  of  suc- 
cession of  plankton  communities  comparable  to  the  usual  succession  of 
terrestrial  communities.  The  only  such  succession  was  that  found  in  the 
pond  sere,  where  the  water  was  stationary  and  the  trend  was  toward  a 
terrestrial  climax.  The  plankton  of  perennial  ponds  containing  stable- 
river  predominants  was  succeeded,  as  the  ponds  approached  littoral  con- 
ditions, by  temporary-pond  plankton  characterized  by  temporary-pond 
predominants.  As  this  succession  is  toward  a  terrestrial  climax,  it  has 
little  significance  in  the  development  of  plankton  communities. 

The  invasion  of  new  waters  by  plankton  is  dependent  upon  certain 
conditions  which  hasten  or  retard  the  development  of  the  plankton.  The 
most  variable  factors  in  all  the  waters  studied  by  the  writer  were  age, 
temperature,  turbidity,  and  level  of  the  water.  Dissolved  oxygen,  hydro- 
gen-ion concentration,  and  light,  although  varying  more  or  less  in  the 
different  seasons,  were  always  well  within  the  limits  of  plankton  re- 
quirements. Other  chemical  factors,  though  not  yet  accurately  determined 
to  any  extent,  probably  play  an  important  part,  particularly  in  relation 
to  the  food  supply. 

Age  of  Water 

An  opportunity  to  study  the  development  of  plankton  in  relation  to 
age  of  water  in  the  course  of  a  stream  was  found  when  the  Sangamon 
was  dammed  at  Decatur  in  1922.  The  old  river  channel  from  the  source 
to  the  collecting  station  at  Lost  Bridge  was  89  miles  long.  The  formation 
of  the  lake  retarded  the  waters  so  that  they  were  many  days  older  when 
they  reached  the  station  than  before  the  dam  was  built.  By  computing 
the  age  of  the  water  at  different  points  in  the  lake  and  stream  above,  and 


369]  FRESH -WATER  PLANKTON  COMMUNITIES-EDDY  49 

by  tracing  the  stage  of  development  of  the  plankton,  it  was  possible  to 
secure  data  on  the  age  of  the  water  at  which  plankton  production 
started  and  the  age  at  which  it  became  heavy. 

The  source  of  the  Sangamon  River  is  in  a  group  of  springs  and 
ditches  where  the  stream  may  be  first  distinguished  6  miles  northwest  of 
Fisher.  Illinois.  Throughout  the  course  of  the  Sangamon  from  its 
source  to  the  head  of  the  lake  at  Decatur,  there  are  constant  additions 
from  tributaries  and  springs.  There  is  no  information  as  to  the  exact 
amount  of  water  added,  but  it  probably  is  approximately  as  much  as  the 
water  already  in  the  stream  at  Fisher.  Consequently,  the  actual  age  of 
all  the  water  at  a  given  point  was  impossible  to  determine  accurately. 
One  great  difficulty  lay  in  determining  the  velocity  at  which  the  water 
flowed  through  the  lake.  Because  of  the  irregular  contour,  only  approxi- 
mate results  could  be  secured.  The  lake  extends  10  miles  above  the  col- 
lecting station  and  contains  approximately  33  times  the  volume  of  water 
formerly  in  the  old  river  channel.  Flence,  the  lake  is  theoretically  equiva- 
lent to  330  miles  of  river  channel.  It  is  practically  impossible  to  measure 
the  current  as  in  a  normal  river  channel,  because  it  is  perceptible  only  in 
the  narrowest  places,  where  bridges  have  been  constructed.  No  doubt, 
the  water  in  the  center  of  the  lake  moves  faster  than  that  near  the 
shores,  but  because  of  the  bends  and  headlands,  there  is  considerable  in- 
termingling of  shore  and  center  waters.  This  was  demonstrated  in 
repeated  collections  in  cross-sections  where  the  only  appreciable  differ- 
ences in  the  plankton  content  were  found  in  the  vegetation  close  to  the 
shore  line.  The  wunds  cause  considerable  wave  action  on  the  lake  and 
serve  as  a  factor  in  keeping  the  waters  well  circulated.  The  river  chan- 
nel extends  for  79  miles  above  the  head  of  the  lake  to  its  source.  The 
total  distance  from  the  source  to  the  collecting  station  at  Lost  Bridge 
was  equivalent  to  409  miles  of  river  channel.  As  the  velocity  could  not 
be  measured  in  the  lake  it  was  necessary  to  assume  that  it  was  the  same 
as  that  of  the  river  above  the  lake.  This  was  reasonable,  as  no  appre- 
ciable difference  could  be  found  in  the  velocity  of  the  river  from  Ma- 
homet to  the  head  of  the  lake  or  in  the  river  below  the  lake.  The  velocity 
was  measured  semi-monthly  during  1928  at  IMahomet  and  Monticello. 
In  Table  17,  there  is  some  discrepancy  in  the  averaged  gage  readings 
and  velocities  because  the  gage  readings  were  made  daily  and  the  veloci- 
ties only  semi-monthly.  Occasional  measurements  were  taken  at  Cerro 
Gordo  and  at  Coulter's  Mill  just  above  the  lake.  Broomstock  floats  were 
used,  and  care  was  taken  to  select  quiet  days  when  there  was  no  wind 
interference. 

During  flood  stages  in  February,   1928,  the  water  in  the  river  just 
above  the  lake  reached  the  greatest  velocity  recorded,  9,000   feet  per 
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hour,  and  the  age  of  the  water  at  the  Lost  Bridge  station  on  the  lake  was 
computed  at  9  days  and  21  hours.  Usually,  however,  it  took  much  longer 
to  reach  this  station.  The  longest  period,  obtained  by  similar  calcula- 
tions, was  173  days  and  20  hours  on  October  1,  1928,  when  the  velocity 
in  the  river  was  511  feet  per  hour.  During  periods  of  normal  level,  a 
well-developed  plankton  first  appeared  in  March  at  Rhea's  Bridge  five 
miles  below  the  head  of  the  lake  (Table  17).  At  the  head  of  the  lake 
only  a  scanty  plankton  occurred  at  the  low-water  stages.  At  Monticello 
from  May  to  October,  with  a  high  temperature  and  low-water  stage,  a 
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Figure  8 
Graphs  showing  relation  between  age  of  water  and  volume  of  plankton  at 
four  collecting  stations  on  the  Sangamon  River,  1928.  Government  gage  readings 
at  Monticello  are  plotted  above  the  graphs  of  relative  volume  of  the  plankton 
in  each  month.  On  the  same  diagram  are  plotted  two  curves  showing  for  each 
month  the  point  in  the  stream  where  the  water  had  an  estimated  average  age 
of  6  days  and  of  40  days,  respectively. 


few  plankton  organisms  were  found  in  water  averaging  from  6  to  19 
days  old.  The  water  was  nearly  always  at  least  20  days  old  before 
plankton  organisms  appeared  in  any  abundance. 

Table  18,  showing  the  progression  of  organisms  in  the  river  from 
Mahomet  to  Lost  Bridge,  was  based  on  the  June  collections  of  1928. 
Fig.  8  shows  graphically  the  relative  volume  of  the  plankton  in  the 
Sangamon  River  each  month  between  Lost  Bridge  and  Monticello.  The 
age  of  the  water  and  the  gage  reading  have  been  plotted  above  showing 
the  correlation  with  the  distribution  of  plankton.    Bottom  diatoms  and 
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protozoans  composed  most  of  the  catch  in  the  plankton  net  at  Mahomet. 
These  forms  decreased  as  the  water  proceeded  downward,  and  in  about 
6  da3's  a  few  planktonts  appeared  at  Monticello.  When  the  water  had 
reached  Rhea's  Bridge,  about  20  days  from  the  source,  all  these  forms 
had  increased  in  abundance,  and  seven  new  forms  had  appeared.  At 
Lost  Bridge,  about  40  days  from  the  source,  thirteen  more  forms  ap- 
peared, and  nearly  all  had  increased  in  abundance.  In  other  months, 
there  was  some  difference  in  the  predominant  species  which  appeared 
at  Monticello  and  Rhea's  Bridge,  but  they  were  never  many  or  abundant. 

According  to  Kofoid  (1903),  the  Illinois  River  in  low  stage  replaces 
its  water  between  LaSalle  and  the  mouth  about  every  23  days.  The  water 
in  general  at  LaSalle  may  be  safely  assumed  to  be  already  about  three 
weeks  old.  Therefore,  most  of  the  water  at  Havana,  where  Kofoid  found 
abundant  plankton,  was  at  least  12  to  15  days  old  or  more,  even  at  flood 
stage,  when  the  velocity  was  9,000  feet  per  hour. 

Schroder  (1897),  working  on  the  phytoplankton  of  the  Oder  River, 
first  described  the  relation  of  plankton  to  the  flow  of  water  by  stating 
that  the  amount  of  plankton  in  running  water  of  the  river  is  in  inverse 
proportion  to  the  slope  of  the  river.  Consequently,  as  a  stream  ap- 
proaches maturity,  i.e.,  as  it  approaches  a  base  level  and  its  current  be- 
comes slower,  there  should  be  a  proportional  increase  in  plankton  pro- 
duction, and  this  condition  of  maturity  may  be  hastened  by  artificially 
retarding  the  waters.  Similarly,  the  farther  a  stream  flows  from  its 
source  and  the  more  stable  its  conditions  tend  to  become,  the  more  de- 
veloped is  the  plankton  element  of  the  pelagic  society.  Kofoid  from  his 
work  on  the  Illinois  River  concluded  that  the  quantity  of  the  plankton 
was,  within  certain  limits,  directly  proportional  to  the  age  of  the  water. 

Temperature 

The  fluctuation  of  river  temperature  constitutes  one  of  the  most 
marked  evidences  of  climatic  changes.  The  temperature  runs  through 
the  same  general  annual  cycle  year  after  year  with  only  minor  or  local 
variations.  Temperature  probably  afifects  planktonts  by  retarding  or  ac- 
celerating their  growth  and  reproduction  (Kofoid,  1903),  and  it  is  partly 
responsible  for  the  seasonal  fluctuations  in  their  abundance.  Temperature 
also  afifects  planktonts  by  causing  variations  in  viscosity  and  density 
(Wesenberg-Lund,  1908).  In  the  tropics  (Van  Oye,  1926)  where  a  more 
uniform  temperature  prevails  throughout  the  year,  temperature  does  not 
play  an  important  part  as  a  seasonal  factor  in  plankton  abundance. 

Water  communities  do  not  exhibit  the  extreme  seasonal  fluctuations 
to  which  land  communities  are  subject.  The  seasonal  change  is  gradual, 
with  but  little  fluctuation.  The  waters  of  large  streams,  lakes,  and  ponds 
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studied  by  the  writer  did  not  show  as  much  daily  fluctuation  in  tempera- 
ture as  was  found  in  the  temperature  of  the  air.  The  deeper  the  water, 
the  more  uniform  is  the  temperature  from  day  to  day.  In  Lake  Michigan 
the  water  cooled  more  slowly  than  the  air  in  the  autumn  and  conse- 
quently was  generally  warmer ;  in  the  spring  the  reverse  was  true.  Large 
bodies  of  water  reach  freezing  temperature  on  the  surface  only,  and 
plankton  organisms  underneath  live  at  a  temperature  usually  higher  than 
that  at  which  organisms  live  on  land.  Many  species,  such  as  the  hiemal 
and  vernal  seasonals,  show  temperature  preferences  by  becoming  scarce 
or  rare  as  the  temperature  passes  certain  limits.  Others,  chiefly  the  per- 
ennials, have  a  large  degree  of  tolerance  for  temperature  extremes, 
although  they  are  seldom  as  abundant  at  the  lower  temperatures.  The 
rate  of  fresh-water  plankton  reproduction — and  consequently  the  abun- 
dance— at  different  seasons  in  the  same  body  of  water  varies  directly  with 
the  temperature.  Similarly,  plankton  content  varies  in  bodies  of  water 
differing  in  temperature,  as  will  be  discussed  later.  In  the  course  of  any 
given  stream  where  there  is  little  climatic  variation  from  the  source  to 
the  mouth,  temperature  differences  are  too  slight  to  have  much  influence 
on  the  development  of  the  plankton. 

Velocity  and  Water  Level 

Velocity  of  current  is  one  of  the  important  factors  directh^  influencing 
plankton  production.  Water  level,  in  itself,  is  not  so  important  in  regard 
to  plankton  as  is  the  corresponding  velocity.  Velocity  and  water  level  are 
closely  related;  as  the  water  level  rises  the  velocity  increases.  At  any 
given  point  in  a  stream,  fluctuations  of  velocity  result  from  fluctuations 
in  water  level.  Velocity  is  usually  higher  in  young  streams,  and  the  con- 
sequent erosion  may  increase  the  turbity  and  hence  reduce  the  intensity 
of  light.  In  older  streams  where  velocity  is  usually  lower,  the  turbidity 
may  decrease  and  the  intensity  of  light  increase.  Turbidity,  by  increasing 
as  the  level  is  raised,  actually  moves  the  point  of  plankton  production 
farther  downstream.  Kofoid  (1903)  observed  that  streams  with  great 
velocity  usually  have  more  phytoplanktonts  than  zooplanktonts,  and  for 
this  he  advanced  the  explanation  that  the  swift  current  prevents  the 
zooplanktonts  from  feeding  but  does  not  have  so  much  effect  on  the  as- 
similation processes  of  the  phjioplanktonts.  Allen  (1920)  in  his  studies 
on  the  San  Joaquin  River  concluded  that  water  currents  above  a  very 
moderate  speed  are  inimical  to  plankton  production.  The  writer  has  ob- 
served that  small  streams  with  a  swift  current,  draining  lakes  or  ponds 
containing  an  abundant  plankton,  carry  little  plankton  themselves,  and 
that  what  little  they  do  carry  comes  originally   from  the  source  body 
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and  tends  to  decrease  rather  than  increase.  Velocity  is  one  of  the  im- 
portant factors  controlHng  the  age  of  the  water  and  corresponding  con- 
ditions of  stabiHty' necessary  for  the  production  of  plankton.  Velocity, 
thus,  largely  determines  the  point  in  a  stream  at  which  plankton  produc- 
tion starts,  and  this  point  fluctuates  up  or  downstream  according  to  the 
velocity  of  the  current,  being  farthest  downstream  when  the  velocity  is 
highest  and  farthest  upstream  when  the  velocity  is  lowest. 

Turbidity 

Turbidity,  an  important  factor  in  reducing  light  and  hindering  the 
movements  of  many  planktonts,  is  partly  controlled  by  velocity'  of  cur- 
rent, as  previously  stated.  When  the  current  is  reduced  as  the  stream 
approaches  stability,  there  is  more  tendency  for  the  suspended  silt  to 
settle  to  the  bottom.  When  the  turbidity  was  high  in  the  Sangamon  above 
Lake  Decatur,  there  was  a  gradual  reduction  as  the  water  travelled 
through  the  lake  until  at  Lost  Bridge  the  turbidity  was  seldom  noticeable, 
and  tlie  plankton  was  more  abundant  there  than  above.  In  all  the  streams 
studied,  the  turbidity  due  to  suspended  silt  was  highest  at  the  flood  stages 
of  spring  and  summer  and  lowest  in  winter  when  the  streams  were  at 
normal  level.  In  summer,  when  the  current  was  usually  slow  and  there 
was  very  little  suspended  silt  in  the  water,  a  noticeable  turbidity  was 
often  caused  by  the  increased  plankton  content.  The  turbidity  in  the  park 
ponds  was  usually  high  in  summer,  often  giving  the  water  a  very  muddy 
appearance  although  it  was  due  entirely  to  the  heavy  plankton  content. 
Suspended  silt  was  practically  absent  from  these  ponds  because  of  the 
lack  of  disturbing  current.  In  all  waters  a  high  turbidity  due  to  suspended 
silt  retards  plankton  development,  and  the  velocity  and  other  conditions 
must  be  such  as  to  reduce  this  turbidity  to  proper  value  before  plankton 
production  can  be  heavy. 

Light 

Light,  another  important  factor  in  plankton  existence,  especially  in 
regard  to  the  chlorophyl-bearing  forms,  has  long  been  regarded  as  one 
of  the  factors  limiting  the  vertical  distribution  of  plankton.  Aside  from 
the  differences  produced  by  turbidity,  depth,  and  seasons,  light  condi- 
tions were  normal  or  about  the  same  in  most  of  the  waters  studied.  The 
length  of  days  in  different  seasons  probably  influences  plankton  abun- 
dance and  may  influence  the  appearance  of  seasonal  predominants,  par- 
ticularly algae.  Kofoid  (1903)  and  Allen  (1920)  both  observed  indica- 
tions of  "lunar"  pulses  in  the  plankton  and  explained  them  on  the  basis 
of  an  increased  amount  of  lunar  light.   The  mersurable  differences,  how- 
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ever,  are  too  slight  to  be  of  much  significance.  In  winter  the  ice  reduces 
the  amount  of  light  in  the  water  and  no  doubt  is  a  factor  in  lowering 
plankton  production.  Intensity  of  light  is  reduced  in  the  younger  streams 
because  of  the  silt  produced  by  erosion.  In  more  stable  streams  the  set- 
tling out  of  the  silt  allows  increased  penetration  of  light  and  no  doubt 
plays  a  very  considerable,  though  as  yet  undetermined,  part  in  the  de- 
velopment of  plankton. 

Chemical  Factors 

Hydrogen-ion  concentration  was  not  an  important  factor  in  any 
water  where  plankton  development  was  studied.  The  pH  value  of  natural 
waters  is  indicative  chiefly  of  relative  acidity,  which  in  turn  is  largely 
due  to  the  relative  amount  of  dissolved  carbon  dioxide,  so  that  pH 
readings  may  be  regarded  as  reflecting  indirectly  the  CO2  content  ( Birge 
and  Juday,  1911 ;  Shelford,  1929).  The  pH  value  of  the  water  studied  by 
the  writer  generally  ranged  from  7.8  in  summer  to  6.6  in  winter,  but  the 
fluctuations  were  not  always  seasonal.  In  the  park  pond  at  Decatur  and 
in  other  waters,  most  predominant  planktons  were  found  abundantly  at 
all  pH  values  within  the  range  stated  above,  indicating  that  this  range 
was  well  within  the  limits  of  tolerance  for  most  of  the  planktonts  studied. 
High  hydrogen-ion  concentration,  such  as  pH  4.0,  influences  many  plank- 
tonts, but  none  of  the  natural  waters  studied  approached  such  an  extreme 
value,  except  in  swamps  and  bogs  where  some  of  the  non-acid  rotifers 
were  absent.  Harring  and  Myers  (1928)  note  the  absence  of  certain 
plankton  rotifers  from  acid  waters  and  state  that  the  pH  range  for  roti- 
fers is  as  a  rule  from  2  to  3  units  pH.  No  marked  difference  in  pH 
values  occurred  in  the  waters  of  the  Sangamon  River  at  the  points 
studied  for  plankton  development,  and  evidently  this  factor  did  not  play 
any  part  in  plankton  production  in  this  stream. 

The  dissolved  oxygen  in  the  waters  studied,  as  previously  mentioned, 
was  never  found  to  be  below  the  requirements  of  the  plankton.  Usually 
it  ran  higher  in  the  colder  months,  since  the  water  can  hold  more  gases 
in  solution  at  lower  temperatures.  As  the  plankton,  in  general,  was  most 
abundant  in  summer  when  the  dissolved  oxygen  content  was  lowest,  it 
seems  that  the  dissolved  oxygen  played  little  part  in  seasonal  distribution 
in  the  shallow  waters.  Although  the  writer  made  no  studies  on  oxygen 
conditions  in  deep  lakes  in  the  different  seasons,  these  conditions  no  doubt 
have  more  significance  there,  in  regard  to  seasonal  distribution,  than  in 
shallow  lakes.  Birge  and  Juday  (1911)  found  that  the  dissolved  oxygen 
content  in  the  surface  waters  of  Lake  Mendota  was  sufficient  at  all  times 
of  the  year,  but  in  the  deeper  waters  it  was  often  insufficient,  because  of 
the  seasonal  stratification.    In  the  study  of  the  development  of  plankton 
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in  the  Sangamon  River  no  marked  differences  were  found  in  the  amount 
of  dissolved  oxygen  at  different  points  in  the  stream,  and  it  is  reasonable 
to  believe  that  this  factor,  being  sufficient  for  ordinary  requirements,  had 
little  influence  on  the  development  of  the  plankton. 

Very  few  data  are  available  on  the  dissolved  salts  and  other  sub- 
stances in  the  waters  studied.  The  samples  that  were  analyzed  indicated 
that  there  were  considerable  differences.  For  example,  the  waters  of 
the  park  ponds  contained  more  than  10  times  as  much  chlorine  in  the 
form  of  chlorides  as  did  the  Sangamon  River.  Griffith  (1923)  has  shown 
that  waters  free  from  calcium  carbonate  produce  more  desmids  than 
waters  bearing  this  salt.  In  December,  1928,  the  Illinois  State  Water 
Surve}^,  at  the  writer's  request,  made  chemical  analyses  of  samples  from 
two  stations  on  the  Sangamon  River  and  from  the  park  ponds  at  De- 
catur and  Urbana,  with  results  as  shown  below  in  terms  of  chlorine  in 
chlorides,  expressed  in  parts  per  million: 

Sangamon  River  at  Monticello 2 

Lake  Decatur  at  Lost  Bridge, 4 

Decatur  Park  Pond 30 

Urbana  Park  Pond 23 

The  relatively  great  amounts  of  dissolved  salts  indicated  by  these  analyses 
of  the  pond  waters  may  be  partly  responsible  for  the  heavier  plankton 
in  these  ponds.  In  general,  it  is  probable  that  chemical  factors  play  an 
essential  part  in  development  of  plankton.  Water  flowing  down  a  stream- 
bed  has  increasing  opportunities  to  dissolve  both  organic  and  inorganic 
substances,  some  of  which  no  doubt  are  made  available  as  food  to  plank- 
ton organisms  by  bacterial  action.  Griffith  (1923)  concluded  that  the 
presence  of  plankton  depends  on  the  occurrence  of  suspended  organic 
matter,  the  decomposition  of  which  provides  necessary  food  materials, 
and  that  the  amount  of  plankton  depends  on  the  amount  of  products  of 
fermentation.  Pearsall  (1922)  showed  that  the  plankton  increases  when 
there  is  an  increase  in  certain  salts  and  organic  matter.  This  is  in  harmony 
with  the  observed  fact  that  plankton  is  more  abundant  in  natural  waters 
of  some  age,  which  are  obviously  more  suitable  for  plankton  occupation 
than  juvenile  waters  near  their  sources.  The  determination  of  the  sepa- 
rate and  combined  effects  of  such  factors  is  an  indispensable  step  in 
understanding  the  phenomena  of  plankton  production  and  constitutes  a 
very  important  field  for  future  investigation. 

Biological  Factors 

Plankton  development  requires,  first,  that  the  water  must  be  old 
enough  to  allow  time   for  the  planktonts  to  grow  and  reproduce,  and 
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that  in  streams  the  current  must  be  slow  enough  to  enable  the  zooplank- 
tonts  to  feed  (Kofoid,  1903).  Little  is  known  about  the  rate  of  repro- 
duction or  length  of  time  necessary  for  the  embryological  development 
of  plankton  organisms,  but  these  biological  factors  certainly  play  some 
part  in  determining  the  point  at  which  any  given  organisms  appear  in  the 
course  of  a  stream.  Food  requirements  are  at  present  little  understood. 
Food  may  not  be  as  important  a  factor  in  the  distribution  of  plankton 
organisms  as  it  is  in  the  distribution  of  some  terrestrial  forms.  Phyto- 
planktonts  and  chlorophyl-bearing  zooplanktonts,  for  example,  by  utiliz- 
ing raw  materials,  are  less  dependent  on  the  food-factor  than  are  the 
other  zooplanktonts.  Even  the  latter,  moreover,  are  often  found  where 
there  is  little  evidence  of  the  phytoplanktonts  on  which  it  has  been  as- 
sumed that  they  feed.  This  indicates  that  they,  too,  may  utilize  other 
materials.  In  view  of  the  present  status  of  the  question  regarding  the 
utilization  of  the  organic  content  of  waters  by  plankton  organisms  (Birge 
and  Juday,  1926),  the  writer  prefers  to  leave  this  matter  for  further  in- 
vestigation. 

Interrelations  of  Factors 

Hydrogen  ion  concentration  and  the  dissolved  oxygen  content  being 
usually  favorable,  as  in  the  waters  studied,  the  important  factors  ob- 
served in  the  production  of  plankton  are  temperature  and  velocity  of  the 
water.  Temperature  controls  the  rate  of  vital  processes  involved  in 
growth  and  reproduction.  Velocity  of  current  is  a  factor  in  age  of  water 
and  must  allow  time  for  the  organisms  to  develop  and  multiply  and 
possibly  for  suitable  conditions  of  nutrition  to  be  established.  Slow  cur- 
rent also  permits  the  zooplanktonts  to  feed  more  freely.  As  the  velocity 
decreases,  the  turbidity  is  lowered  and  more  light  penetrates  the  water  to 
greater  depths.  When  all  these  conditions  are  favorable,  plankton  pro- 
duction conceivably  may  continue  to  increase  until  it  automatically  checks 
itself,  not  only  by  exhausting  the  food  supply,  but  also  by  causing  such 
a  high  turbidity  that  the  amount  of  light  penetrating  the  water  is  in- 
sufficient for  further  growth  and  reproduction.  This  hypothesis  would 
explain  such  facts  as  were  observed  in  the  park  pond  at  Decatur,  where 
extreme  turbidity  was  caused  by  heavy  zooplankton  production  and  the 
algae,  being  most  dependent  on  abundant  light,  were  scarce.  Juday  and 
Wagner  (1909)  have  suggested  that  plankton  may  become  so  abundant 
that  it  becomes  detrimental  to  other  organisms  by  the  consumption  of 
oxygen  through  decay.  Also  it  is  conceivable  that  the  oxygen  content 
might  be  depleted  by  the  demand  of  super-abundant  plankton  to  the  point 
when  it  might  form  a  check  on  the  development  of  the  plankton. 
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GEOGRAPHICAL  DISTRIBUTION  AND 
ECOLOGICAL  CLASSIFICATION 

Very  little  is  known  about  the  plankton  organisms  in  many  parts  of 
the  world.  In  vast  areas,  particularly  South  America  and  Australia,  our 
information  is  limited  to  a  few  reports  on  several  groups  of  plankton 
organisms.  Daday's  reports  on  some  of  the  plankton  organisms  from 
Patagonia  (1902)  and  on  the  fresh-water  organisms  of  Paraguay  (1905) 
(Lemmermann,  1910)  include  many  forms  which  are  predominant,  or 
prevalent,  in  the  waters  studied  in  this  paper.  Juday  (1915),  in  a  study 
of  some  lakes  in  Central  America,  found  many  species  which  are  com- 
mon here.  West  (1909),  on  algae,  and  Playfair  (1912  and  1919),  on 
plankton  and  dinoflagellates,  show  that  the  plankton  of  Australian  waters 
contains  many  of  the  same  species  in  these  groups  as  found  elsewhere. 
Similar  results  are  shown  in  the  papers  of  Daday  (1907),  West  (1907), 
and  Cunnington  (1920)  on  groups  of  plankton  organisms  from  African 
lakes.  Van  Oye  (1926)  found  a  heavy  stream  plankton  in  the  Ruki  in 
Belgian  Congo,  which  contained  many  of  our  common  river  predomi- 
nants.  Pernod  and  Schroter  (1924)  have  shown  that  many  of  our  pre- 
dominant species  of  Cladocera  are  distributed  in  eastern  and  southern 
Asia.  The  predominants  reported  by  Lemmermann  (1907a)  from  the 
Yang-Tse-Kiang  in  China,  although  differing  somewhat  in  species,  are 
similar  to  those  found  in  the  relatively  stable  streams  studied  in  this 
paper.  Zacharias  (1898,  1898a,  and  1909),  Lemmermann  (1907b),  and 
many  workers  since  have  contributed  extensive  data  on  the  plankton  of 
central  European  waters.  Behning  and  his  associates  have  done  like- 
wise for  the  Volga  and  its  tributaries,  showing  the  wide  distribution  of 
many  of  the  predominants  studied  in  this  paper  and  the  limited  distri- 
bution of  other  species,  particularly  those  cladocerans  and  copepods 
which  are  not  found  in  America. 

Wesenberg-Lund  (1908),  in  an  extensive  geographical  classification 
of  plankton,  shows  that  many  species  are  cosmopolitan  and  others  are 
strictly  local.  Species  scattered  commonly  throughout  the  lakes  of  the 
arctic,  temperate,  and  tropical  regions  include  many  Bacillariaceae, 
Cyanophyceae,  Chlorophyceae,  and  Flagellata.  Rotifers  are  especially 
conspicuous  and  include  Kcratella  cochlcaris,  Keratella  quadrata,  Poly- 
arthra  trigla,  Asplanchnu  brightwellit,  Triarthra  longiseta,  species  of  the 
genus  Brachionus,  and  Pedalia  niira.  Other  conspicuous  forms  are 
Daphnia  longispina,  Bosmina  longirostris,  Chydorus  sphaericus,  Cyclops 
viridis,  and  Cyclops  leuckarti.  The  species  of  the  Diaptomidae  especially 
show  differentiation  in  different  regions,  but  the  cosmopolitan  species 
were  all  found  to  be  predominants  in  the  waters  studied  in  this  paper. 
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All  the  conclusions  reached  in  this  paper  in  regard  to  communities 
are  based  on  plankton  evidence  only.  The  question  whether  various 
aquatic  communities  are  of  formational  or  associational  rank,  cannot  be 
answered  definitely  until  the  bottom  organisms  and  fishes  are  studied  in 
relation  to  communities  throughout  large  areas.  If  the  cosmopolitan 
predominants  in  the  plankton  were  accepted  as  stenoecious  species,  they 
would  indicate  that  there  is  but  one  fresh-water  association  in  the  world. 
Inasmuch,  however,  as  the  fishes — many  of  which  are  dominant — and 
also  the  bottom  organisms — some  of  which  may  be  dominant — do  not 
show  this  wide-spread  distribution,  it  may  be  better  to  consider  the  pre- 
dominant fishes  and  bottom  organisms  as  stenoecious  species  determining 
associational  boundaries.  Although  without  much  evidence,  the  writer 
is  inclined  to  believe  that  a  study  of  the  latter  species  will  show  that  they 
define  a  number  of  aquatic  associations  in  various  parts  of  the  world. 
Some  investigators  may  consider  the  cosmopolitan  planktonts  as  compa- 
rable to  the  wide-spread  soil  bacteria,  algae,  and  protozoans  (Sandon, 
1927).  Studies  of  these  minor  terrestrial  forms,  to  determine  their  com- 
munity distribution  and  community  structure,  may  show  that  they  occupy 
the  same  status  on  land  as  is  occupied  by  plankton  in  water. 

In  view  of  the  results  of  this  investigation  it  is  to  be  expected,  in 
general,  that  an  abundant  and  relatively  permanent  plankton  should  occur 
in  any  sluggish  stream  which  presents  the  proper  conditions  of  size,  flow, 
and  fluctuation,  the  other  factors  being  favorable  as  in  all  the  bodies  of 
water  studied.   Such  streams  are: 

1. — Streams  in  which  natural  obstructions  render  the  current  slow, 
as  in  the  Mississippi  River  where  Lake  Pepin  is  formed  by  the  delta  of 
the  Chippewa  River. 

2. — Streams  with  little  fall  and  slow  current,  resulting  from  the  occu- 
pation of  ancient  and  well-worn  preglacial  channels,  such  as  the  Illinois 
River  throughout  most  of  its  course. 

3. — Streams  flowing  into  the  sea  and  practically  at  base  level  through- 
out most  of  their  course,  so  that  conditions  are  almost  as  stable  as  in  large 
lakes. 

On  the  other  hand,  streams  which  are  at  base  level  near  their  mouth 
only,  as  is  the  case  of  the  Mississippi,  cannot  maintain  a  heavy  plankton 
because  the  conditions  in  the  upper  part  are  such  as  to  cause  a  heavy  dis- 
charge of  silt  which  is  detrimental  to  plankton. 

A  summary  of  the  predominant  or  prevalent  species  in  the  various 
types  of  waters  studied  is  given  in  Table  20,  showing  that  there  are,  in 
general,  four  types  of  plankton  communities  in  the  upper  Mississippi 
Valley,  which  may  be  distinguished  as  follows: 
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1. — In  rivers  and  related  waters  exhibiting  some  degree  of  stability, 
the  conspicuous  predominants  are  seven  species  of  rotifers  (four  of 
which  belong  to  the  genus  Brachionus,  two  to  Synchaeta,  and  one  to 
Filinia)  and  the  cladoceran  Moina  micriira.  These  with  other  predomi- 
nants characterize  the  pelagic  society  of  stable  rivers  and  the  socies  of 
related  ponds  and  shallow  lakes.  In  younger  streams  or  wherever  the 
conditions  are  less  stable,  the  socies  is  characterized  by  the  same  species, 
but  to  a  lesser  degree ;  that  is,  they  are  not  as  abundant  and  may  not  all 
be  present  at  the  same  time. 

2. — In  temporary  ponds  and  littoral  parts  of  stable  waters  with  vege- 
tation, the  socies  is  characterized  by  the  copepod  Cyclops  scrrulatus  and 
the  cladocerans  Camptocercus  rectirostris  and  several  species  of  Simo- 
cephalus.  These  predominants,  together  with  other  characteristic  species, 
such  as  Daphnia  pulex,  Moina  hrachiata,  and  bottom  rotifers  of  the 
genera  Monostyla  and  Lepadella,  may  not  all  be  present  in  a  single  col- 
lection, but  they  will  appear  often  enough  in  a  series  of  collections  to 
give  a  characteristic  aspect  to  the  plankton. 

3. — In  deep  glacial  lakes  the  socies  is  characterized  by  predominants 
such  as  the  rotifer  Notholca  longlspina,  the  copepods  Diaptomus  minutus 
and  Epischura  lacustris,  the  cladocerans  Daphnia  retrocurva  and  Bos- 
niina  longispina,  and  the  diatom  Striatella  fenestrata.  At  least  three  of 
these,  and  often  all  four,  appeared  in  every  collection  examined  by  the 
writer. 

4. — In  moderately  deep  and  shallow  glacial  lakes  the  pelagic  socies  is 
characterized  by  the  copepod  Diaptomus  oregonensis  and  by  abundant 
populations  of  pelagic  diatoms  and  blue-green  algae.  The  predominants 
characteristic  of  deeper  glacial  lakes  are  absent  or  scarce,  and  the  plank- 
ton more  nearly  resembles  that  of  stable  rivers. 

Analysis  of  the  plankton  of  Russian  waters  as  described  by  Behn- 
ing  (1913,  1921,  1926)  and  of  many  other  European  waters  as  described 
by  a  large  number  of  investigators  in  the  past  forty  years,  shows  these 
same  general  groups  of  plankton  communities  characterized  by  the  same 
predominants.  Certain  predominants,  such  as  Cyclops  viridis,  Cyclops 
bicuspidatus,  Daphnia  longispina,  Notholca  striata,  Keratella  cochlearis, 
and  Polyarthra  trigla,  are  common  in  all  three  types  of  plankton  com- 
munities. Other  predominants,  Pediastrum  duplex,  Diaphanosoma  hrachy- 
urum,  and  Codonella  cratera,  are  most  abundant  in  stable  rivers  and  re- 
lated waters,  but  are  also  found  in  small  numbers  in  other  communities. 
All  the  predominants  mentioned  with  the  exception  of  the  copepods  have 
been  found  by  the  writer  in  plankton  collections  from  similar  bodies  of 
water  in  many  parts  of  the  United  States. 
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Fresh-water  plankton  should  be  classified  ecologically  as  the  pelagic 
stratal  society  or  socies  of  the  community  of  a  stream  or  lake.  All  the 
plankton  communities  studied  by  the  writer  showed  a  common  ecological 
relationship  by  virtue  of  their  possession  of  common  predominants 
(Table  21),  some  of  which  are  seasonals  and  other  perennials,  and  by 
virtue  of  their  development  from  common  or  related  sources.  Conse- 
quently, these  plankton  communities  are  considered  as  belonging  to  an 
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Figure  9 
Diagram  showing  developmental  relations  and  general  trend  of  plankton  com- 
munities in  the  region  of  Illinois,  as  characterized  by  some  of  their  common  pre- 
dominants. 


association,  the  climax  of  which  is  the  stable-stream  community.  Com- 
munities other  than  those  of  stable  streains  either  are  developing  toward 
this  climax  or,  if  they  occupy  abandoned  areas  of  streams  or  lakes,  are 
developing  toward  a  terrestrial  climax  (Fig.  9).  The  Plankton  of  a  com- 
munity which  is  not  mature,  therefore,  must  be  designated  as  a  pelagic 
stratal  socies  rather  than  a  society,  since  the  latter  term  should  be  applied 
only  to  the  plankton  of  the  stable-stream  community. 
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SUMMARY 

The  present  study,  based  on  more  than  2,000  collections  of  plankton 
from  streams,  lakes,  and  ponds  (mostly  in  the  United  States),  has  shown 
that  the  plankton  element  of  fresh-water  communities  consists  of  organ- 
isms whose  behavior  is  comparable  in  certain  respects  to  that  of  the 
organisms  of  terrestrial  communities.  Some  species  which  are  conspicu- 
ous or  abundant  may  be  called  predominants  or  prevalents,  in  the  same 
sense  as  these  terms  are  used  for  the  abundant  organisms  of  terrestrial 
communities.  Some  predominants  are  perennials  and  others  seasonals. 
Some  predominants  are  common  in  all  kinds  of  relatively  stable  fresh- 
water communities  and  indicate  an  associational  and  formation-like 
structure  comparable  to  that  of  terrestrial  associations  and  formations, 
in  which  the  predominants  are  of  two  classes,  those  which  characterize 
the  particular  association  and  those  which  characterize  the  formation  and 
serve  as  binding  species. 

In  all  the  streams  studied  the  plankton  element  gave  evidence  that 
stream  communities — inasmuch  as  they  belong  to  an  aquatic  association, 
the  climax  of  which  is  a  stable-river  community — should  be  considered 
as  separate  from  terrestrial  communities. 

Some  predominants  which  are  seasonal  in  the  earl}^  stages  of  plankton 
development  in  a  stream  become  perennials  when  the  stream  presents 
more  stable  conditions  throughout  the  year. 

There  is  a  progressive  development  of  the  plankton  element  in  streams 
comparable  to  the  invasion  of  the  barren  area  by  terrestrial  communities. 
This  begins  with  the  first  evidence  of  stable  conditions  in  the  course  of 
the  stream  in  summer.  Downstream,  as  the  conditions  become  more 
stable,  there  is  an  increase  in  the  number  of  species  and  the  abundance 
of  each.  The  most  mature  communities  studied  were  found  to  contain 
about  forty  predominant  organisms.  Apparently,  the  number  of  peren- 
nials increases  as  the  climax  is  approached. 

The  predominants  in  perennial  ponds  and  shallow  lakes  are  the  same 
as  the  predominants  in  stable  rivers.  Many  such  ponds  or  lakes  are 
abandoned  parts  of  streams,  and  others  which  are  not  in  any  way  con- 
nected with  streams  but  contain  similar  predominants,  may  be  con- 
sidered as  natural  or  artificial  reproductions  of  abandoned  parts  of 
streams.  The  communities  of  these  bodies  of  water  are  retrograding 
from  the  aquatic  climax  and  are  at  some  stage  of  succession  towards  a 
terrestrial  climax  and,  hence,  properly  belong  to  a  terrestrial  association. 

The  last  aquatic  stage  in  the  succession  of  pond  communities  toward 
a  terrestrial  climax  is  found  in  temporary  ponds  which  contain  a  scanty 
plankton  characterized  by  several  predominants  partly  littoral  in  origin. 
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Three  seasonal  groups,  or  socies — hiemal,  vernal,  and  serotinal — and 
possibly  a  fourth,  estival,  can  be  distinguished  in  the  plankton  of  shallow 
lakes  and  streams  of  Illinois  and  are  characterized  respectively  by 
seasonal  predominants. 

The  important  factors  influencing  the  development  of  plankton  are 
age  of  water  (i.e.,  distance  from  source -=- velocity),  temperature,  and 
turbidit3\  In  the  streams  studied,  other  factors  such  as  light,  dissolved 
ox3'gen,  and  hydrogen  ion  concentration  seemed  to  be  always  sufficient 
to  meet  the  requirements  of  the  plankton.  Observations  on  the  plankton 
of  water  of  dififerent  ages  showed  that,  all  other  factors  being  favorable, 
a  few  plankton  organisms  usually  appeared  in  water  6-10  days  from 
its  source,  while  an  abundant  plankton  appeared  in  water  20  days  or  more 
from  its  source. 

In  the  bodies  of  water  studied,  there  are,  in  general,  four  types  of 
plankton  society  or  socies  which  may  be  characterized  by  their  predomi- 
nants as  follows: 

1. — Rivers  and  related  waters  exhibiting  some  degree  of  stability: 
four  species  of  Brachionus,  two  of  Synchaeta,  Filinia  longiseta,  and 
Moina  micrura. 

2, — Deep  lakes:  Notholca  longispina,  Striatella  fenestrata,  Daphnia 
rctrocurva,  Bosmina  longispina,  and  Diaptomus  minutus.  ' 

3. — Temporary  ponds:  Cyclops  serrulatus,  Camptoccrcus  rectirostris, 
and  two  species  of  Simocephalus. 

4, — Moderately  deep  and  shallow  glacial  lakes:  Diaptomus  orcgon- 
cnsis,  pelagic  diatoms,  and  blue-green  algae. 

If  the  vagile  elements  of  the  pelagic  portion  of  the  community  and 
the  bottom  society  or  socies  show  similar  differences  in  various  areas, 
these  aquatic  communities  are  of  associational  rank. 
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CHECK  LIST  OF  NAMES  OF  SPECIES 


Key:    Al==Algac;   Cl=Cladocera ;   Co= 

Acroperus  harpae  Baird CI 

Alona  affinis  (Leydig) CI 

Anabaena  circinalis  (Kiitz.)  Hansg...Al 

Anabaena  spiroides  Lemm Al 

Anuraea  aculeata  Ehr.  =  Keratclla 

quadrata  (O.F.M.) Ro 

Anuraea  cochlearis  Gosse  =  Kera- 

tella  cochlearis  (Gosse) Ro 

Aphanizomenon  flos-aquac  (Linn.) 

Ralfs Al 

Aphanocapsa  sp Al 

Arcella  vulgaris  Ehr Pr 

Asplanchna  brightwellii  Gosse Ro 

Asplanchna  priodonta  Gosse Ro 

Asterionella  gracillima  Heiberg Al 

Bosmina  coregoni  Norman  &  Brady.  .CI 

Bosmina  longirostris  (O.F.M.) CI 

Bosmina  longispina  Leydig CI 

Brachionus  angularis  Gosse Ro 

Brachionus  budapestinensis  Daday...Ro 

Brachionus  calyciflorus  Pallas Ro 

Brachionus  capsuliflorus  Pallas Ro 

Brachionus  havanaensis  Rousselet.  .  .Ro 

Brachionus  patulus  O.F.AI Ro 

Camptocercus  rectirostris  Schoedler.  .CI 

Canthocamptus  sp Co 

Centropyxis  aculeata  Stein Pr 

Ceratium  hirundinella  O.F.M Pr 

Ceriodaphnia  lacustris  Birge CI 

Ceriodaphnia   pulchella   Sars CI 

Chilodon  cucullus  O.F.M Pr 

Chroococcus   sp Al 

Chydorus  sphaericus  (O.F.M.) CI 

Closterium  acerosum  (Schrk.)  Ehr...Al 
Closterium  moniliferum  (Bory)  Ehr..Al 
Codonella  cratera  (Leidy)  Vorce....Pr 
Coelosphaerium  naegelianum  Unger..Al 

Coleps  hirtus   Ehr Pr 

Conochiloides  natans   (Sel.) Ro 

Conochilus  volvox  Ehr Ro 

Cosmarium   spp Al 

Crucigenia  spp Al 

Cyclops  bicuspidatus  Claus Co 

Cyclops  leuckarti  Claus Co 

Cyclops  oithonoides  Sars Co 

Cyclops  serrulatus  Fischer Co 

Cyclops  strenuus  Fischer Co 

Cyclops  viridis  Jurine Co 

Daphnia  longispina   (O.F.M.) CI 

Daphnia  longispina  var.  cucullata 

Sars CI 


Copepoda  ;   Pr=Protozoa ;   Ro=Rotatoria. 

Daphnia  longispina  var.  hyalina 

Leydig CI 

Daphnia  pulex  (de  Geer) CI 

Daphnia  retrocurva  Forbes CI 

Diaphanosoma  brachyurum  (Lieven).Cl 
Diaphanosoma  leuchtenbergianinn 

Fischer CI 

Diaptomus  ashlandi  Marsh Co 

Diaptomus  gracilis  Sars Co 

Diaptomus  graciloides  Sars Co 

Diaptomus  leptopus  Forbes Co 

Diaptomus  minutus  Lillje Co 

Diaptomus  oregonensis  Lillje Co 

Diaptomus  pallidus  Herrick Co 

Diaptomus  sanguineus  Forbes Co 

Diaptomus  shoshone  Forbes Co 

Diaptomus  sicilis  Forbes Co 

Diaptomus  siciloides  Lillje Co 

Diaptomus  vulgaris  Schmeil Co 

Difflugia  acuminata  Ehr Pr 

Difflugia  globulosa  Duj Pr 

DifBugia  lobostoma  Leidy Pr 

Difflugia  pyriformis  Perty Pr 

Dinobryon  sertularia  Ehr Pr 

Epischura  lacustris  Forbes Co 

Epischura  nevadensis  Lillje Co 

Eudorina  elegans  Ehr Pr 

Euglena  acus  Ehr Pr 

Euglena  acutissima  Lemm Pr 

Euglena  oxyuris  Schmarda Pr 

Euglena  spiroides  Lemm Pr 

Euglena  viridis  Ehr Pr 

Filinia  longiseta  (Ehr.) Ro 

Fragilaria  crotonensis  (Edw.)  Kitton.Al 

Glenodinium  sp Pr 

Gyrosigma  acuminatum  (Kutz.)Cl..  . .  Al 

Keratella  cochlearis   (Gosse) Ro 

Keratella  quadrata  (O.F.M.) Ro 

Lecane  ungulata  (Gosse) Ro 

Lecquereusia  epistomium  Penard Pr 

Lepadella  acuminata  (Ehr.) Ro 

Leptodora  kindtii  (Focke) CI 

Limnocalanus  macrurus  Sars Co 

Lysigonium   (Melosira)   granulatum 

(Ehr.)    Kuntze Al 

Lysigonium    (Melosira)    varians 

(Ag.).. Al 

Microcystis  aeruginosa  Kutz Al 

Moina  brachiata    (Jurine) CI 

Moina   micrura  Kurz CI 

Monostyla  lunaris  Ehr Ro 


64 


ILLINOIS  BIOLOGICAL  MONOGRAPHS 


[384 


Navicula  spp Al 

Nitzschia  sigmoidea  (Nitz.)  W.  Sm..Al 

Notholca  longispina  Kellicott Ro 

Notholca  striata    (O.F.M.) Ro 

Oscillatoria  spp Al 

Paramoecium   bursaria  Ehr Pr 

Pedalia  mira  (Hudson) Ro 

Pediastrum  duplex  Meyen Al 

Peridinium   spp Pr 

Peridinium  tabulatum  (Ehr.) Pr 

Phacus  acuminata  Stokes Pr 

Phacus  longicauda  (Ehr.)  Duj Pr 

Phacus  pleuronectes  (O.F.M.)  Duj...Pr 

Platyias  quadricornis   (Ehr.) Ro 

Pleodorina  illinoisensis   Kofoid Pr 

Pleuroxus  denticulatus  Birge CI 

Polyarthra   platyptera   Ehr.  =  Poly- 

arthra  trigla  Ehr Ro 

Polyarthra  trigla  Ehr Ro 

Pompholyx  complanta  Gosse Ro 

Scapholeberis  mucronata  (O.F.M.)  ..  .CI 
Scenedesmus  quadricauda   (Turp.) 

Breb ; Al 

Simocephalus  exspinosus    (Koch) CI 


Simocephalus  vetulus   (O.F.M.) CI 

Sphinctocystis  eliptica  (Kiitz.)  Kuntze.Al 
Sphinctocystis  librilis   (Ehr.)   Hass...Al 

Staurastrum  spp Al 

Stentor  Coeruleus  Ehr Pr 

Striatella  fenestrata  (Kiitz.) Al 

Strombidum  sp Pr 

Surirella  robusta  Ehr .Al 

Synchaeta  pectinata  Ehr Ro 

Synchaeta  stylata  Wierz Ro 

Synedra  acus  (Kiitz.)  Gun Al 

Synedra  ulna    (Nitz.)    Ehr Al 

Sj-nura  uvella  Ehr Pr 

Testudinella  patina  (Hermann)  ..  .Ro 

Tintinnidium  fluviatilis   Stein Pr 

Trachelomonas   hispida    (Perty) 

Stein Pr 

Trachelomonas   volvocina   Ehr Pr 

Triarthra  longiseta   Ehr.  =  Filina 

longiseta    (Ehr.) Ro 

Trichotria    (Dinocharis)    tetractis 

(Ehr.)  Harring Ro 

Trochosphaera  aequatorialis  Semper. Ro 
Volvox  globator  Leeuwennoek Pr 
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languages;  and  English,  the  Scandinavian,  and  other  Germanic  languages.^  The  title  of  the 
series  wiU  be  so  construed  as  to  admit  the  publication  of  such  researches  in  the  history  of 
culture  as  may  throw  light  on  the  processes  of  language  and  the  mterpretation  of  literature. 
This  series  is  pubUshed  quarterly;  the  annual  subscription  price  is  three  dollars. 

Vol.  VII 
No.  1.   Sir  R.  Howard's  comedy  "The  Committee."    With  introduction  and  notes.    By 

C.  N.  Thurber.   $1.50. 
No.  2.  The  sepulchre  of  Christ  in  art  and  liturgy.   By  N.  C.  Brooks.   With  plates.  $1.50. 
No.  3.  The  language  of  the  Konungs  Skuggsja.  By  G.  T.  Flom.  $1.50. 
No.  4.  The  significant  name  in  Terence.  By  J.  C.  Austin.  $2.00. 

Vol.  VIII 
No.  1.  Emerson's  theories  of  literary  expression.  By  Emerson  Grant  Sutcliffe.  $1.50. 
Nos.  2-3.  M.  TuUi  Cicerone  De  Divinatione.  Liber  secimdus.  With  commentary.   By  A.  S. 

Pease.  Parts  I  and  IL  $1.50. 
No.  4,  The  language  of  the  Konungs  Skuggsjd.   By  G.  T.  Flom.   Part  II.  $1.50. 

Vol.  IX 
No.  1.  Studies  in  the  narrative  method  of  Defoe.  By  A.  W.  Secord.  $1.50. 
No.  2.  The  manuscript-tradition  of  Plutarch's  Aetia  Graeca  and  Aetia  Romana.    By  J.  B. 

Titchener.   $1.00. 
No.  3.   Girolamo  Fracas toro  Naiigerius,  she  de  poetica  diologus.   With  translation  by  Ruth 

Kelso  and  introduction  by  Murray  W.  Bundy.  $1.00. 
No.  4.  The  text-tradition  of  Pseudo-Plutarch's  VUae  Decern  Oratorum.  By  Clarence  George 
Lowe.    $1.00. 

Vol.  X 
No.  1.  Rhetorical  Elements  in  the  Tragedies  of  Seneca.  By  Howard  Vernon  Canter.  $1.75. 
No.  2.  Oriental  afl&nities  of  Die  Lugend  von  Sand  Jokanne  Chrysostomo.   By  Charles  Allyn 

Williams.    $1.00. 
No.  3.  The  Vita  Merlini.  By  John  Jay  Parry.  $1.50. 
No.  4.  The  Bogarthing  Law  of  the  Codex  Tunsbergensis.    By  G.  T.  Flom.    $1.50. 

Vol.  XI 
Nos.  1-2.   ChUd  Actors  of  the  XVI  and  XVII  centuries.  By  H.  N.  Hillebrand.  $2.00. 
No.  3.  A  study  of  Spanish  manners,  1750-1800.  By  Arthur  Hamilton.  $1.00. 
No.  4.  Oriental  Afl&nities  of  the  Legend  of  the  Hairy  Anchorite.    Part  II:  Christian.    By 
Charles  AUyn  Williams.  $1.00. 

Vol.  XII 
No.  1.  El  Bernardo  of  Bernardo  de  Balbuena.   By  John  Van  Home.  $1.50. 
Nos.  2-3.  The  Theory  of  Imagination  in  Classical  and  Medieval  Thought.  By  Murray  W. 

Bundy.    $2.00. 
No.  4.  The  Merope  of  George  Jeffreys  as  a  Source  of  Voltaire's  Merope.    By  Thomas  W. 
OUver.  $1.00. 

Vol.  XIII 
No.  1.  Fragment  AM  315  E  of  the  Older  Gulathing  Law.  By  G.  T.  Flom.    $1.00. 
No.  2.  History  from  1700  to  1700,  of  English  criticism  of  prose  fiction.    By  J.  B.  Heidler. 

$1.50. 
Nos.  3-4.  Philological  Studies  in  Ancient  Glass.   By  Mary  L.  Trowbridge.  $1.50. 


UNIVERSITY  OF  ILLINOIS  STUDIES  IN  THE  SOCIAL  SCIENCES 
The  University  of  Illinois  Studies  in  the  Social  Sciences  are  designed  to  afford  a  means 
of  publishing  monographs  prepared  by  graduate  students  or  members  of  the  faculty  in  the 
departments  of  history,  economics,  political  science,  and  sociology.   Each  volume  will  consist 
of  about  600  printed  pages  annually.  The  subscription  price  is  three  dollars  a  year. 

Vol.  V 
No.  2.   The  life  of  Jesse  W.  Fell.    By  Frances  M.  Morehouse.    60  cts. 
No.  4.  Mine  taxation  in  the  United  States.  By  L.  E.  Young.  $L50. 

Vol.  VI 
Nos.  1,  2.   The  veto  power  of  the  Governor  of  lUinois.    By  N.  H.  Debel.   $1.00. 
No.  3.   Wage  bargaining  on  the  vessels  of  the  Great  Lakes.    By  H.  E.  Hoagland.    $1  50 
No.  4.   The  household  of  a  Tudor  nobleman.    By  P.  V.  B.  Jones.   $1.50. 

Vol.  IX 
Nos.  1,  2.  War  powers  of  the  executive  in  the  United  States.   By  C  A.  Berdahl.  $2.25. 
No.  4.   The  economic  policies  of  Richelieu.  By  F.  C.  Palm.  $L50. 

Vol.  X 
No.  1.   Monarchial  tendencies  in  the  United  States,  1776-180L  By  Louise  B.  Dunbar.  $2.25. 
No.  2.  Open  Price  Associations.   By  M.  W.  Nelson.   $1.50. 
Nos.  3,  4.   Workmen's  representation  in  industrial  government.    By  E.  J.  Miller.  $2.00. 

Vol.  XI 
Nos.  1,  2.   Economic  aspects  of  southern  sectionalism,  1840-186L   By  R.  R.  Russel.  $2.00. 
Nos.  2,  4.   The  Egyptian  question  in  the  relations  of  England,  France,  and  Russia,  1832- 
1841.   By  F.  S.  Rodkey.  $2.00. 

Vol.  XII 
Nos.  1,  2.   Executive  influence  in  determining  Military  Policy  in  the  U.  S.     By  Howard 

White.    $2.00. 
No.  3.   Slave  population  at  Athens  during  the  V  and  IV  centuries  B.C.  By  Rachel  L.  Sargent. 

$1.75. 
No.  4.  The  constitutionality  of  zoning  regulations.    By  Helen  M.  Werner.    75  cts. 

Vol.  XIII 
No.  1.   Soil  exhaustion  as  a  factor  in  the  Agricultural  history  of  Virginia  and  Maryland, 

1606-1860.    By  Avery  Odell  Craven.    $1.50. 
No.  2.  The  iron  and  steel  industry  of  the  Calumet  District.  A  study  in  Economic  geography. 

By  John  B.  Appleton.  $1.50. 
No.  3.  Administrative  procedure  in  connection  with  statutory  rules  and  orders  in  Great 

Britain.   By  John  Archibald  Fairlie.  $1.00. 
No.  4.   Regulation  of  security  issues  by  the  Interstate  Commerce  Commission.    By  David 
Philip  Locklin.  $1.50. 

Vol.  XIV 
No.  1.   State  regulation  of  public  utilities  in  Illinois.    By  Charles  Mayard  Kneier.    $1.50. 
No.  2.   The  geonomic  aspects  of  the  Illinois  waterway.    By  Bessie  L.  Ashton.   $1.00. 

UNIVERSITY  STUDIES 
General  Series,  Vols.  I,  II,  III,  and  IV 
Partly  out  of  print.   A  detailed  list  of  numbers  will  be  sent  on  request. 

PUBLICATIONS  OF  THE  UNIVERSITY  OF  ILLINOIS 

Following  is  a  partial  list  of  the  publications  issued  at  the  University: 

1.  The  University  of  Illinois  Studies  in  Language  and  Literature.  Published 
quarterly.  Three  dollars  a  year. 

2.  The  Illinois  Biological  Monographs.    Quarterly.    Three  dollars  a  year. 

3.  The  University  of  Illinois  Studies  in  the  Social  Sciences.  Monographs  in 
history,  economics,  poUtical  science,  and  sociology.   Quarterly.   Three  dollars  a  year 

4.  The  University  Studies.    A  series  of  monographs  on  miscellaneous  subjects. 

5.  The  Journal  of  English  and  Germanic  Philology.  Quarterly.  Three  dollars 
a  year. 

(For  any  of  the  above,  address  161  Administration  Building,  Urbana,  Illinois.) 

6.  The  Bulletin  of  the  Engineering  Experiment  Station.  Reports  cf  the  research 
work  in  the  Engineering  Experiment  Station.  Address  Director  of  Engineering  Experiment 
Station,  University  of  Illinois. 

7.  The  Bulletin  of  the  Agricultural  Experiment  Station.  Address  Director  of 
Agricultural  Experiment  Station,  University  of  Illinois. 

8.  The  Bulletin  of  the  Illinois  Association  of  Teachers  of  English.  Address 
301  University  Hall,  University  of  Illinois. 

9.  The  Bulletin  of  the  School  of  Education.  Address  230  University  Hall,  Uni- 
versity of  Illinois. 

10.  The  general  series,  containing  the  University  catalog  and  circulars  of  special  depart- 
ments.  Address  The  Registrar,  University  of  Illinois. 
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